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ABSTRACT 


Occupants  of  famlly'type  fallout  shelters  require  fresh  ventilation 
air  at  the  Blnlamm  survival  rate  of  3  cfm  per  person.  Because  cost 
limitations  exclude  the  use  of  auxiliary  power  plants  (diesel  or  gasoline 
engines)  to  operate  ventilating  fans  or  blowers,  an  Inexpensive,  simple, 
and  affective  method  of  supplying  fresh  air  to  home  shelters  Is  needed. 

It  is  demonstrated  that  a  minimum  air  rate  can  be  obtained  In  home 
shelters  by  Inducing  draft  In  the  exhaust  stack  by  means  of  a  flame  from 
a  kerosene  burner  which  can  simultaneously  provide  illumination. 

The  ventilation  test  procedure  Included  Inducing  air  to  flow  through 
the  shelter,  determining  the  actual  cubic  feet  per  minute  of  air  flowing, 
measuring  air  temperatures  at  inlet,  room, and  stack,  measuring  the 
pressure  drop  or  restriction  to  air  flow  at  the  shelter  inlet,  and  find¬ 
ing  the  effects  of  various  stack  sizes  and  configurations  upon  air  flow 
rates.  Data  were  also  taken  to  determine  the  effect  of  various  stack 
sizes  and  configurations  on  the  fuel  consumption  of  the  heating  devices. 

Although  not  originally  intended  to  be  a  large  part  of  the  research 
work,  a  considerable  amount  of  time  was  spent  in  finding  a  sensitive  and 
reliable  means  of  measuring  low  velocity  air  flows.  This  work  led  to 
the  conclusion  (Incidental  cs  far  as  shelter  ventilation  Is  concerned) 
that  bead-type  thermistors  are  not  reliable  air  measuring  devices  when 
used  in  a  tenqserature-compensating  Wheatstone-brldge  circuit. 

Ventilation  of  family-type  shelters  by  the  Induced  draft  method  is 
effective  and  reliable  If  the  following  conditions  are  observed: 

1.  Wind  velocities  around  the  stack  outlet  are  kept  to  a  minimum 
or  a  good  ventilator  stack  cap  Is  used. 

2.  Filters  are  not  used  at  the  shelter  inlet  (air  taken  from  body 
of  house) . 

3.  The  Intake  area  of  shelter  is  much  larger  than  the  cross-sectional 
area,  of  the  stack. 
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FOREWORD 


The  experimental  Information  contained  la  this  report  was  obtained 
under  Contract  No.  OCD-PS-64-211  by  the  Montana  State  University 
department  of  Mechanical  Engineering,  Dr.  U.  F.  ^fallllkin,  head,  and  was 
completed  on  June  30,  1965.  The  study  was  under  direction  of  Prof. 

C.  F.  Whltehlll.  Project  leader  was  0.  A.  Kubal.  N.  A.  Quintero  and 
M.  P.  Wambach  assisted  In  the  investigation. 

The  main  objective  of  this  contract  Is  to  study  the  ventilation 
of  a  family-type  fallout  shelter,  made  on  the  premise  that  there  will 
be  no  comserclal  electricity  or  natural  gas  available  to  provide  heat, 
light,  or  ventilation.  Therefore  these  Items  must  be  obtained  by 
other  means. 

This  study  determines  the  feasibility  of  ventilating  a  family 
fallout  shelter  using  a  flame  In  a  chlnney.  Stack  configuration  and 
size  studies,  fuel  and  burner  studies,  and  the  effects  of  Inlet  air 
restriction  on  the  air  flow  were  Investigated.  From  the  data  obtained, 
a  ventilation  system  for  a  family-type  shelter  can  be  designed.  Heat 
and  light  are  incidental  to  the  ventilation  method. 
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THBOHT 


Stack  Conflgii  ratio  ns 

To  determine  the  effects  of  various  stack  configurations  on  air  flow, 

6  and  8  in,  diameter  stacksjwer^ used  having  vertical  heights  of  5,  10,  15, 
and  20,  fe.it.  Two  elbcnrs  spaced  by  a  two  foot  horizontal  length  of  pipe 
at  the  bottom  of  the  stack  were  also  used  cn  varic  ^  uests.  Sea  Figure  1 

I 

page  3*  The  elbows  and  horizontal  run  permit  about  2  ft  9  in,  between  thei 
centerline  of  the  original  vertical  stack  and  the  centerline  of  the  seconclj 
elbow.  It  is  anticipated  that  about  2^  ft  of  horizontal  length  is  all  that 
will  be  required  in  the  majority  of  shelter  situations  to  provide  adequate 
shielding  from  fallout  radiations. 

In  a  prototype  basement  shelter,  the  elbows  and  horizontal  length 
would  permit  running  the  stack  out  of  the  shelter  near  the  ceiling, 
through  the  concrete  wall  into  surro’mding  eai*th  or  adjacent  basement 
space,  and  then  vertically. 

It  should  I  be  mentioned  that  all  tests  conducted  for  purposes  of  this 
investigation:  jitilized  circular  cross-sectioned  'Tietal-Bestos'*  stack. 


■Metal-Bestos|| stf ck  has  about  a  quarter  inch  air  space  between  an  alu¬ 
minum  inside  liner  and  a  glavanized  sheet  metal  outside.  Thus,  it  is  a 
type  of  self -insulated  stack.  When  a  stack  diameter  is  mentioned,  it 
always  refers  to  the  inside  diameter  of  the  aluminum  liner. 

The  vertical  portions  of  the  stack  can  be  partially  enclosed  in  stud 
spaces  or  run  upward  through  a  hallway  and  can  exhaust  directly  to  the 
atmosphere  or  to  a  ventilated  attic.  If  the  stack  e:jdiausta  directly  to 
the  at’osphere,  a  ventilator  stack  cap  should  be  used,  not  only  to  utilize 


Figure  1.  Eljo^ed  Stack  Cent Iguratlon  and  Entrance  Hood 


the  "suction*  forces  of  prevailing  win^^.s  to  aid  ventilation,  but  also 
to  keep  fallout  radiation  particles  and  other  debris  from  entering  the 
shelter.  If  the  stack  exhausts  to  an  attic  containing  louvers  or  other 
vent  openings,  a  ventilator  cap  is  not  needed  at  the  stack  outlet  because 
the  roof  will  keep  out  fallout  particles,  rain,  etc.,  and  will  limit  vLnd 
effects.  Intake  air  can  be  drawn  from  the  main  part  of  the  house.  Out¬ 
side  air  will  enter  the  house  in  the  normal  infiltration  method.  B,  H, 
Jennings  in  Heating  and  Air  Conditioning  indicates  that  for  the  average 
residence  the  probable  air  change  rate  is  about  1-1/2  air  changes  per 
hour  by  natrual  infiltration.  If  the  average  residence  is  considered  to 
have  a  floor  area  of  1200  sq  ft  and  an  8  ft  high  ceiling  (9600  cu  ft  of 
space),  this  means  that  nonnal  air  infiltration  is  about  2li0  cfm.  This 
is  more  than  enough  intake  air  for  most  basement  shelters.  Used  as  the 
intake  air  "plenum*,  the  house  itself  would  act  as  the  principal  filter 
for  keeping  fallout  particles  from  entei*ing  the  shelter  intake.  Little 
additional  filtering,  if  any,  would  be  needed  at  the  intake.  Thus  a 
minimum  restriction  to  air  flow  at  the  shelter  inlet  may  be  obtained. 

Inlet  Restrictions  . . :  “  ““ ‘  “ 

The  effects  of  various  inlet  restrictions  were  studied  in  two 
■general  ways-with  closed  door  and  open  door  tests,  A  closed  door  test 
is  one  in  which  the  door  to  the  shelter  is  closed  and  sealed.  All  air 
coming  into  the  shelter  passes  through  8  in,  intake  ducts.  See  Figure  2 
page  5,  In  this  type  of  test,  the  flow  rate  may  or  may  not  be  greatly 
reduced  by  the  restriction  offered  by  the  intake  duct,  depending  upon  the 
stack  length,  diameter,  and  temperature  (or  the  amount  of  air  trying  to 
flow).  This  type  of  test  is  also  designated  as  closed  door  in  order  to 
distinguish  it  from  an  "open  door"  test  which,  as  the  term  implies,  is 


Figure  2.  Shelter  Air  Intake  Ducts 
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conducted  with  the  shelter  door  open.  In  this  case  there  is  no  measurable 
pressure  drop  at  the  intake  and  thus  flow  rate  is  not  limited  by  any  intake 
restriction.  The  limiting  factor  for  flow  is  the  stack  itslef.  Thus  air 
flow  for  an  open  door  test  is  sometimes  called  "unrestricted  flow"  and 
that  for  a  closed  door  test  is  called  "restricted  flow".  In  botn  cases, 
the  restriction  or  absence  of  restriction  refers  to  intake  conditions 
only. 

Fuel  and  Burners 

To  obtain  the  required  ventilation  air  through  the  test  shelter, 
a  safe.  Inexpensive,  and  easily  operated  combustion  unit  is  needed  to 
generate  heat  in  the  stack  bottom.  Liquefied  petroleum  gases  such  as 
propane  and  butane  were  excluded  because  of  their  high  specific  gravities. 
Being  heavier  than  air,  these  fuels  would  collect  in  the  shelter  if  leaks 
developed  and  would  be  inherently  dangerous  from  an  explosion  and  fire 
standpoint.  They  also  present  a  problem  of  storage  because  pressurized 
containers  must  be  used.  Again,  this  would  be  dangerous  if  punctures  or 
leaks  developed. 

Natural  gas  would  be  an  ideal  fuel  to  use  in  the  shelter,  but  it,  like 
electricity,  cannot  be  assumed  to  be  available  through  normal  commercial 
channels  during  shelter  occupancy. 

Gasoline  wo\J.d  be  unsafe  in  a  shelter  situation  because  of  its  high 
volatility  and  flammability.  It  would  require  special  and  perhaps  e^ensive 
combustion  equipment.  When  held  in  storage  over  relatively  long  periods 
of  time,  gasoline  sometimes  has  a  temdency  to  form  gums.  Their  presence 
in  the  fuel  could  lead  to  combustion  equipment  plugging. 

At  a  first  consideration  it  appears  that  coal,  being  inexpensive  and 
relatively  easy  to  bum,  would  be  a  good  fuel.  However,  coal  presents 


problems  from  the  stand|3oint  of  storage  space  and  ash  removal.  Coal  burn¬ 
ing  devices  would  be  con^jlicated  and  require  more  draft  than  those  for  oil 
or  gas  because  of  the  rssistance  of  the  fuel  bed.  For  these  reasons  coal 
was  deemed  undesirable  us  a  teat  fuel. 

It  was  decided  tha‘;  kerosene  (No,  1  diesel  oil)  would  best  serve  the 
purpose.  This  fuel  bums  with  a  relatively  clean  flame,  burners  need  not 
be  con?)lex  or  e^qaenalve^  and  storage  in  cans  or  other  ordinaiy  containers 
is  relatively  safe.  It  is  also  suitable  as  an  illuminant  when  burned  in  a 
wick  3a  mp  or  wick-type  burner. 

Flow  Equation 

To  predict  air  flowf  through  the  shelter  for  stacks  and  conditions  in 

addition  to  those  tested,  an  equation  which  can  be  applied  to  various 

j 

inlet  and  outlet  configurations  and  conditions  is  herein  developed  and 

I 

discussed. 

The  following  equates  the  positive  buoyant  force  of  a  colijmn  of  hot 

I 

gases  with  the  force  of  friction  required  to  establish  and  maintain  flow, 

I 

i  . .  ■  , 

i 

sin:  -  fch)  -  (h^)  ♦  Chi,)  •  f  n 


where  H  is  vertical  stack  height,  ibj  and  62,li  is  the  density  of  water  at 

i 

70°  F  in  Ib/cu  ft,  included  so  that  both  sides  of  the  equation  are  stressed 
in  the  common  "feet  of  fluid  flowing"  units.  In  the  case  of  air,  it  is 
more  convenient  -to  deal  with  the  velocity  head  (hy)  and  the  friction  loss 
head  (hj^)  In  "inches  of  witter"  units  rather  than  "feet  of  air"  units, 

t 

The  transformation  can  be  made  by  again  using  the  fundamental  buoyancy 
relation,  ' 
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(2) 

where  ■  feet  of  airj  “Ca  ■  density  of  air  in  Ib/cu  ft;  h  ■  inches  of 
water  (gage)j  and  "Cw  •  density  of  water  at  70°  F  in  Ib/cu  ft.  Thus,  it 
is  seen  that, 

^  h  /62.U^  ^ 

(3)  ha  “12  iTiy"  ^ 


For  the  velocity  head  t^rm,  h^  in  inches  of  water. 


With  stack  air  velocity,  V,  as  feet  per  minute. 


Etjr  substituting  equation  (5)  into  equation  (l),  we  obtain  the  driving 
force  rf  Tationship  expressed  in  inches  of  water.  Hence, 


*  (ms)  t  a 

Equation  (6)  applies  to  shelter  air  flow  in  general  if  terms  with  the 
appropriate  subscripts  are  used.  Thus, 
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Wheroi  H  ■  ▼ertical  height  of  stack,  ft 

C  ■  air  density,  Ib/cu  ft 

K  ■  duct  or  stack  entrance  loss  coefficient 

V  ■  air  velocity,  ft/min 

L  ■  duct  or  stack  equivalent  length,  ft 

D  ■  duct  or  stack  diameter,  ft 

f  ■  duct  or  stack  friction  factor 

rm  ■  conditions  of  space  surrounding  the  stack,  usxjally  ambient 
air  conditions 

1,  in  •  conditions  at  shelter  intake 

2,  ch  ■  conditions  at  stack  or  shelter  exhaust 

For  the  purpose  of  using  equation  (7)  to  predict  shelter  ventilation 
rates  that  can  be  corqDared  to  test  results,  the  constants  and  coefficients 
had  to  be  evaluated  for  conditions  that  existed  during  ex])erinentation. 

All  closed  door  test  were  made  with  the  air  passing  into  Lhe  shelter 
through  an  8  in*  diameter  duct*  This  allows  the  D  and  L  terms  of  eqxiation 
(7)  to  be  fixed  at  0*667  ft  and  3*83U  ft,  respectively*  Values  for  both 
of  the  entrance  loss  coefficients,  and  K2,  are  assumed  for  the  poorest 
entrance  conditions,  i.e.,  Ki  -  Kj  -  1.  This  assumption  is  b»-.sed  on  several 
facts  and  conditions.  The  intake  duct  is  a  re-entrant  type  of  pipe  entranae 
for  which  the  nominal  value  of  loss  coefficient  is  0,8,  In  the  end  of  the 
duct,  however,  is  an  aluminum-foil  tubular  grid  which  offers  not  only 


i 
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additional  entrance  loss,  but  also  additional  friction  loss,  Ehtrance 
to  the  stack,  for  all  test  conditions,  is  made  through  the  rectangular 
hood  described  on  page  U3.  It  represents  a  hood  condition  similar  to 
that  described  by  W.  C,  L.  Hemeon  in  Plant  &  Process  Ventilation,  He 

.1  ■  . .  -y—  . 

states  that  for  a  hood  with  low  face  velocity  and  relatively  low  stack 
tenqjeratures,  the  entry  coefficient  is  0,9.  This  coefficient  is  further 
Increased  in  the  test  case  because  the  heat  generating  equipment  extends 
into  the  hood  a  short  distance  and  thus  disturbs  the  flow.  For  these 
reasons  it  is  believed  that  the  assumption  of  ■  K2  “  1  is  very  reason¬ 
able. 

In  considering  the  friction  factors  for  the  intake  duct  and  the 
stack,  it  is  believed  that  the  standard  tabulated  values  of  f,  given  as 
a  function  of  Re3molds  niunber  and  pipe  rpiative  roughness,  are  not  entirely 
applicable.  Both  the  intake  duct  and  the  stack  contain  obstructions  not 
normally  found  in  pipes  or  duct.  The  intake  duct  houses  the  tubular  grid 
near  the  entrance,  a  special  thermocouple  anemometer,  a  propeller  anemom¬ 
eter,  and  a  thermocouple  probe.  The  stack  contains  pressure  taps,  thermo¬ 
couple  probes,  and,  in  the  case  of  the  6  in,  diameter  stack,  a  layer  of 
soot  on  the  wall  surfaces.  The  friction  factors  were  thus  obtained  ex¬ 
perimentally  from  a  test  performed  with  a  6  in,  diameter  15  ft  long 
straight  stack,  A  flow  was  induced  in  the  system  and  the  room  entrance 
pressure  drop,  the  flow  at  inlet  conditions,  and  the  necessary  temperatures 
were  measured.  The  friction  factor  it  inlet,  fj^,  was  then  calculated  by 
equating  the  measured  A  Pj^  to  the  first  two  terms  on  the  right-hand  side 
of  the  eqtiations  (7)  and  solving  for  f^^.  The  value  arrived  at  in  this 
manner  is  f]^  ■  0,hl5.  When  this  is  compared  to  tabulated  friction  values 
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lt  appears  to  be  extremely  high.  But  when  the  resistance  offered  by  all 
of  the  equipement  in  the  duct  is  considered,  this  value  of  f]^  seems  reason¬ 
able,  With  f^  thus  establiched,  equation  (7)  was  solved  for  the  remaining 
unknown  quanity,  £2*  The  value  of  £2  determined  in  this  manner  is  0,061i, 
Another  assumption  made  at  this  point  was  that  the  friction  factors  would 
remain  constant  for  all  diameters  and  lengths  of  stack  considered.  It  is 
shown  in  a  latter  section  of  this  report  that  this  assumption  is  conserv¬ 
ative. 

The  constants  and  coefficients  thus  determined  can  be  inserted  into 
equation  (7)  to  3rield  a  somewhat  refined  flow  equation.  Performing  the 
substitutions  we  obtain. 


which,  when  simplified,  yields. 


(9)  (Cm  -  t=h)  -  3.385  |] 

Inspection  of  this  last  equation  shows  the  variables  to  be:  barometric 
pressure;  and  ambient,  stack,  and  inlet  teraperetures  (all  from  density 
considerations,  i,e,,  ■  Pg  (0,U9l)(lUii)/R(T*ii60));  intake  and  stack 

air  velocities;  stack  diameter  D2;  stack  vertical  height  H;  and  stack 
equivalent  length  L2, 

The  equivalent  stack  length  (Lj,)  warrants  further  discussion.  For  a 
stack  without  elbows  or  bends,  H  ■  L2»  Additionally  the  stack  may  contain 


/ 
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two  90°  elbows  and  a  2  ft  section  of  horizontal  pipe.  In  a  manner  similar 
to  that  for  finding  the  friction  factors,  an  equivalent  pipe  length  for  one 
6  in,  90°  elbow  was  calculated  to  be  h»2  ft.  The  total  equivalent  length  of 
both  elbows  and  the  horizontal  run  is  thus  10,U  ft.  Reference  to  the  1963 
ASHRAB  Guide  and  Data  3ook  indicates  that  the  equivalent  length  of  such  an 
elbow  is  8  ft.  This  latter  value,  however,  is  based  on  a  relatively  long 
duct  system  containing  "full*  flow,  i.e.  forced  circulation.  When  used  in 
this  sense,  it  is  not  extremely  critical.  In  the  test  stack  the  equivalent 
length  has  a  considerable  influence  on  flow  as  shown  by  the  equation.  The 
use  of  the  lower  value  of  U,2  ft  per  elbow  is  justified  because  of  the  vary 
short  duct  arrangement  and  because  "full"  flow  around  the  elbow  is  never 
realized. 

The  final  assumption  for  use  with  equation  (9)  is  that  the  equivalent 
length  for  all  diameter  elbows  is  constant  at  h,2  ft  per  elbow.  This  is 
again  a  conservative  estimate, 

A  digital  computer  program  of  equation  (9)  was  written  in  order  to 
predict  flows  for  many  different  conditions  of  stack  diameters,  stack 
lengths,  temperatures,  pressure,  etc.  Values  from  the  computer  program 
are  termed  "theoretical*  values.  It  should  be  mentioned  that  for  open- 
door  test  predictions,  the  first  term  on  the  right-hand  side  of  equation 
(9)  vanishes.  This  means  that  there  is  essentially  no  restriction  to 
flow  at  the  shelter  inlet. 

All  tests  were  conducted  at  approximately  $000  ft  altit  de  (Bozeman, 
Montana)  and  thus  the  experimental  results  are  in  terms  of  actual  conditions, 
i,e,,  barometric  pressure  (Pg  ■  2$  in,  Hg)  and  temperatures  at  5000  ft. 

The  computer  equation  was  also  solved  using  standard  or  sea  level  conditions 
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(Pb  ■  29.92  in.  Hg  and  ■  70°  F)  to  determine  the  effect  of 

altitude  on  flow. 


DSSCHIPTIOM  OF  SHELTER 


The  shelter  used  for  conducting  ventilation  test  is  located  on  the 
Montana  State  tiniversity  campus  in  Bozeman,  Montana,  The  shelter  was 
adapted  from  an  underground  blind  tunnel  located  beneath  the  floor  of  the 
Mechanical  ftigineering  Department’s  po’jrer  Laboratoiy,  Tne  original  tunnel 


structure  was  rectangular  in  shape  irith  internal  dimensions  of  37  ft  by  6 
ft.  The, ceiling  is  flat  and  approx: .mately  6  ft  high.  Adjacent  to  the 
east  endlof  the  room  is  a  6  by  7  ft  open  entryway.  Modifications  were 


made  to  the  original  tiinnel  to  the  tetent  of  adding  a  partition  and  a 
door  at  a  distance  of  7  ft  from  the  east  end.  Thus  the  space  used  as  a 
test  shelter  was  30  ft  by  6  ft  dimensions.  The  walls,  floor,  and  ceil¬ 
ing  or  the  shelter  are  all  8  in,  thick  concrete. 

The  partition,  with  2  x  U  framing  consists  of  6  mil  polyethylene 

i 

I 

sheet  fastened  to  the  frame  with  duct  tape.  Caulking  compound  and  duct 

tape  were  used  to  close  all  cracks  between  the  partition  framing  and 

j 

concrete|,  A  2^  ft  by  6  ft  particle-board  door  was  installed  in  the 
center  ol^'the  partition  and  sealed  with  weather  stripping. 

An  8  in,  diameter  3»8  ft  long  iheet  metal  duct  was  inst<alled  in' the 


polyethylene  partition  about  2  ft  f:h3m  the  floor  and  sealed  with  tape, 

i 

This  duct  was  used  as  the  air  intake  to  the  shelter.  To  assure  streamline 

1 

flow  in  the  intake,  1  in,  diameter  aluminum  foil  tubes,  12  in,  long,  were 

I 

nested  in  the  upstream  end  of  the  8  in,  duct. 

At  the  west  end  of  the  shelter  a  1  ft  9  in,  square  section  of  concrete 


was  removed  from  the  ceiling  through  which  the  outlet  stacks  were  installed 

I 

Figure  3|on  page  15  is  a  line  sketch  of  the  shelter  test  facility  showing 
intake  duct  and  stack  locations.  See  also  Figure  U  on  page  16  for  picture 
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Figure  3.  Frllout  Shelter  Test  Frc/l/ty 
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of  stAck  extending  from  shelter, 

Minimums  established  by  the  Civil  Defense  other  than  the  3  cfm 
ventilation  ^-ate  include  60  to  65  cu  ft  of  space  per  person  and  10  aq  ft 
of  floor  space  per  person.  The  test  shelter,  with  a  floor  area  of  180 
sq  ft  and  a  6  ft  ceiling,  provider  60  cu  ft  of  space  for  each  of  18  people. 
Based  on  the  minimum  air  rate,  at  least  cfm  of  outside  air  is  required. 
With  a  rated  capacity  of  18  people,  the  test  shelter  is  in  the 
category  of  family- type  shelters.  It  also  represents  an  ideal  family 
basement  shelter  in  other  ways.  The  stack  is  completely  contained  within 
the  power  laboratory  which  has  a  ceiling  approximately  30  Tt  high.  Intake 
air  is  drawn  at  the  floor  level  of  and  exhausted  near  the  celling  of  the 
laboratory,  Slqrlight  windows  in  the  laboratory  ceiling  may  be  opened  to 
pennit  the  hot  stack  gases  to  escape  into  the  atmosphere. 


-18- 


INSTRUMg^^^ATIOM  AND  CAUBRATIGW 

Air  Flow  Measurements 

For  use  with  ventilation  tests  a  reliable  and  sensitive  method  for 
measuring  low  velocity  air  flows  was  needed.  Because  the  pressure  avail¬ 
able  to  cause  air  flow  is  very  small,  the  method  of  measuring  the  air  that 
flows  into  the  shelter  has  to  be  such  that  their  is  little  or  no  pressure 
drop.  This  sllmlnates  an  orifice  which,  by  its  nature,  requires  a  pressure 
drop. 

Personnel  from  Electronics  Research,  Montana  State  University,  were 
consulted  concerning  the  possibility  of  measuring  air  flow  in  a  duct 
using  a  themlstor  probe.  Since  this  group  had  previously  conducted 
apparently  successful  research  on  thermistors,  they  agreed  to  design 
and  build  the  necessary  circuitry  and  thermistor  probe. 

The  thermistor  circuit  used  was  a  temperature-compensating 
Wieatstone-bridge  circuit  using  transistors  to  maintain  constant  current. 
Several  bead- type  thermistors  were  tried  in  this  circuit  without  suc¬ 
cess.  Much  time  was  spent  tr3ring  to  develop  a  reliable  anemometer 
from  the  thermistors  but  the  problem  of  temperature  compensation  was 
not  con?)letely  solved.  Details  of  the  thermistor  anemometry,  including 
calibration  procedures,  can  be  found  in  Appendix  A, 

Another  unsuccessful  atten^Jt  to  measure  air  flow  was  made  using  a 
hot-wire  anemometer.  The  instrument  was  neither  sensitive  enough  nor 
accurate  enough  at  low  air  velocities. 

In  search  of  an  instrument  or  method  to  measure  air  flow  through 
the  shelter,  a  special  thermocouple  device  consisting  of  two  thermocouples 
wired  in  series  set  one  behind  the  other  in  the  air  flow  stream  was 
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conatructed.  Between  the  thermocouples  is  a  common  resistor  giving  off  a 
constant  quantity  of  heat.  The  thermocouples  sense  the  increase  in  air 
temperature  caused  by  heating  the  resistor  and  produce  a  voltage  output 
which  depends  on  air  velocity,  A  sketch  of  the  simple  anemometer  is  shown 

I 

in  Figura  5a  on  page  20,  Figure  5b  shows  in  part  the  thermocouple  and 
resistor  wiring  diagrams.  Assxmptions  concerning  the  design  paramenters  of 
the  meter  aret 

1,  Flow  rate  range  expected  to  be  measured  in  one  8  in,  intake  duct 
is  10  to  150  cfm  at  actiial  conditions  (70®  F  and  25  in,  Hg), 

2,  Anemometer  will  be  Installed  in  one  of  the  1  in,  aluminum  foil 
tubes  and  placed  in  the  center  of  the  intake  duct, 

3,  Accuracy  in  measurement  of  air  tengjerature  difference  at  the 
highest  anticipated  flow  is  limited  to  1°  F  using  iron-ccnstantan 
thermocouples, 

U,  A  minimum  input  of  UO  volts  d,c,  is  available  as  supply  voltage, 

5,  The  specific  heat  of  air  throu^out  the  e^qjected  flow  range  is 
constant  at  0,2U  Btu/lb  ®F, 

Calculations  for  the  reqTiired  size  of  resistor  are  given  below.  The 
reader  is  referred  to  any  standard  text  on  thermodynamics  or  heat  transfer 
if  a  more  conqslete  explanation  of  the  basic  equations  is  desired. 

The  weight  of  air  per  minute  flowing  through  the  8  in,  intake  duct 
(ws)  is  given  by  the  perfect  gas  ]law  ast 


WQ  -  Pb  (in.  Hg)  X  V  (ft^/min)  x  0,U91  (psi/in,  Hg)  x  Ihh 


.  2^(0,h9l)(lhh)7 

53.3(530) 


0,0625  V 


1"  AlaiRlrram  Foil  Tube 


Leads  to  Power  Supply 
and  N.V.  Recorder 


1500  Ohn  Resistor 


30  Gage  Iron- Cons tan tan 
Thermocouples 


Figure  $a.  Special  Thenaocouple  Anemometer 
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At  the  lowest  flow  (V)  of  10  cfm, 

(vQ)jg  -  0.625  X  10  -  0.625  Ib/min 
At  the  highest  flow  of  150  cfm, 

(w8^h  "  0*0625  X  150  ■  9.37  Ib/min 
Area  of  the  1  in.  foil  tube, 

-  0.785  in^ 

Area  of  the  8  in.  duct, 

As  -  50.2  in2  I  . . 

The  weight  flew  of  air  in  the  1  ip.  tube  is  nmlti  lying  the 

weight  flow  in  the  8  in  duct  by  the  area  ratio.  Hence, 

(wi)je  -  (we) ji  X  A^/Ag  -  0.625  X  0.785/50.2  -  0.00977  Ib/min 
and  (w^)j,  -  (w5)h  x  Ai/Aq  -  9.37  x  0.785/50.2  -  0.11^65  Ib/min 

Heat  frorr  the  resistor  (Q,  Btu/min)  supplied  to  the  air  is  given  by 
the  specific  heat  equation  for  constant  pressure,  Q  “  wcp  A  T.  At  the 
highest  flow  with  a  tenders ture  difference  (^T)  of  1®  F, 

Oh  "  (wi)h  ®p  ■  O.IJ465  X  O.2U  X  1 

■  0.0351  Btu/min  i 

V  ' 

If  heat  from  the  resistor  is  held  constant  at  (^,  then  AT  for  any  flow  is 
given  by, 

^T  -  Qh/w  Cp  -  O.O351/C.2U  w  -  0.11*52/w. 

Thus  the  maximum  A  T,  at  the  lowest  weight  flow  (w3_)j^  ,  should  bet 

4  W  ■  0.m52/0.00977  -  114.87°  F 

In  order  t''  hold  constant  the  heat  from  the  resistor  at  Qh,  the  power  (P) 
supplied  to  the  resistor  should  bet 

P  -  0.351 (Btu/min)  x  778(ft-lb/Btu) 

I 

X  1/33 .000 (ft-lb/nin  hp)  x  7h6  (wattsAp)  -  0.517  watts. 
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B«c*use  P  ■  the  current  (l)  required  to  maintain  the  above  power 

(assuming  v  is  constant  at  UO  volts)  isi 
I  -  P/v  -  0.617A0  -  0.01$U  aiqps. 

The  maxiimim  resistance  for  the  anemometer  is: 

■  v/l  ■  U0/0,01$U  -  2^95  ohms. 

The  thermocouple  anemometer  was  constructed  according  to  the  original 
ideas  and  assuit^tions  except  that  the  resistor  used  was  one  rated  at  1  watt 
and  1500  ohms.  This  resistor,  rather  than  one  of  2595  ohms  was  decided 
upon  because  of  availability  and  its  small  physical  size. 

The  one-inch  foil  tube  with  the  meter  installed  in  its  center  was 
placed  in  the  center  of  the  tubular  grid  at  the  end  of  the  8  in,  intal'e 
duct.  Appropriate  leads  were  connected  to  the  resistor  and  thermocouplss, 

A  vacuum  tube  voltmeter  was  used  to  read  the  generated  voltage  from  the 
thennocouples,  A  preliminary  test  run  was  conducted  with  about  38  volts 
iiput  to  resistor.  This  voltage  was  used  instead  of  UO  volts  to  keep  the 
power  near  but  less  than  one  watt.  The  output  of  the  instrument  appeared 
stable  over  the  entire  range  of  flow  from  10  to  l50  cfm,  but  the  change 
in  output  voltage  over  this  flow  range  was  limited  to  about  0,25  millivolts. 
To  extend  the  output  range  scale  at  the  vacuum  tube  voltmeter  (VTVM),  a 
180  K  ohm  resistor  and  a  small  adjustable  resistor  were  added  to  the  cir¬ 
cuit,  To  obtain  a  permanent  record  of  output,  a  0-10  millivolt  recorder 
was  indirectly  connected  to  the  0-1  volt  output  scale  of  the  VTVM  through 
a  voltage  divider  (two  arbitrarily  chosen  resistances)  whose  purpose  was 
to  again  extend  the  scale  range.  Arrangement  of  the  equipment  is  shown 
in  Figure  6  on  page  23*  The  20,1  K  ohm  resistor  in  series  with  the  volt¬ 
meter  permits  close  control  of  input  voltage  to  the  anemometer  resistor. 
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The  0-1,1$  ohm  adjustable  resistor  is  used  to  adjust  the  recorder  scale  to 
zero  when  the  anemometer  is  in  still  air.  This  circuit,  with  divider  re¬ 
sistances  chosen  by  trial  and  error,  allows  nearly  a  9  millivolt  output 
range  at  the  recorder  over  tl;e  1$0  cfm  flow  range. 

Calibration  of  the  thermocouple  anemometer  indicates  that  the  instru¬ 
ment  provides  a  fairly  reliable  method  of  measuring  air  flows  above  about 
UO  acfm.  See  Figure  7  for  the  calibration  curve.  Between  flows  of  hO  and 
20  cfm,  the  millivolt  output  does  not  change  enough  to  sufficiently  describe 
a  particular  point  on  the  circular  portion  of  the  curve. 

Although  the  use  of  the  thermocoi^le  anemometer  is  some^at  limited  at 
low  air  flows,  it  was  one  of  the  two  methods  finally  used  in  the  shelter 
ventilation  tests.  It  is  believed  that  flow  measurements  taken  with  this 
device  above  UO  acfm  can  be  trusted. 

The  second  method  of  air  flow  measurement  finally  adopted  eit5)loys  an 
all-mechanical  propeller  anemometer,  sometimes  referred  to  in  this  report 
as  the  ■windmill".  The  instrument  consists  of  an  eight-bladed  fan,  each 
blade  being  about  1-3/16  inches  long.  Motion  of  the  fan  shaft  is  trans¬ 
mitted  to  a  set  of  indicating  dials  through  a  network  of  tiny  gears. 

Figure  8  in  page  26  shows  the  windmill,  its  position  at  the  outlet  end  of 
the  intake  duct,  and  the  clamping  arrangement  for  its  support, 

A  stop  watch  is  used  with  the  windmill  when  a  reading  is  taken  because 
the  dials  indicate  lineal  feet  of  air  rather  than  air  velocity.  Windmill 
operation  is  somewhat  maladroit  because  the  dials  must  be  correctly  read 
and  the  readings  recoi^ied  each  time  the  watch  is  started  and  stopped. 

Also  there  is  no  permanent  record  from  which  to  later  recheck  a  velocity 
reading.  Despite  these  drawbacks,  the  propeller  anemometer  provides  a 
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Fif^ure  7.  Calibration  Curve  for  Thermocouple  Aneinometer 
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reasonably  accurate  and  reliable  means  for  measuring  air  flow,  | 

During  calibration  of  the  anemometers,  a  laminar  flow  element, 
manufactured  by  the  Meriam  Instrument  Company,  was  used  with  an  accompany¬ 
ing  centrifugal  blower  as  the  air  flow  standars.  This  laminar  flow  device, 
applicable  to  air  flows  from  0  to  200  standard  cfm  (at  29.92  in.  Hg  and 
70°  F),  consists  of  parallel,  capillary-size  tubes  through  which  the  air 
flows.  The  pressure  drop  across  the  tubes  has  a  straight-line  relation¬ 
ship  with  the  mass  air  flow.  A  calibration  curve  of  this  relationship, 
showing  pressure  drop  across  the  tubes  (in,  of  water)  versus  standard 
air  flow  (lb  per  min)  is  supplied  with  the  element,  | 

To  calibrate  the  windmill  and  the  thermocouple  anemometers  the  laminar 
flow  element  was  connected  to  a  small  li  in,  connection  on  stack  roof  jack 
shown  in  Figure  U  on  page  16,  This  U  in,  connection  was  used  only  for 
pulling  air  from  shelter  during  calibration.  Except  for  this  connection 
and  the  air  intake  duct,  the  test  room  was  supposedly  air  tight,  but 
because  of  imperfections  in  the  construction  of  the  shelter  it  is  con¬ 
ceivable  that  air  leaks  existed  in  the  system.  Since  the  total  amount 
of  air  coming  into  the  shelter  (including  leakage  air)  went  out  through 
the  U  in.  connection,  thus  into  the  laminar  flow  element,  the  readings 
obtained  from  the  laminar  flow  element  included  the  total  amount  of  air 
drawn  into  the  room.  Therefore  any  leakage  air  is  accounted  for  in  the  . 

calibration  curve,  I 

Tests  covering  the  entire  expected  flow  range  were  conducted  at  ] 

air  intake  temperature  intervals  of  two  degrees  from  629  F  to  90°  F,  ! 

Humidity  of  the  intake  air  was  varied  during  several  of  the  runs  by  spray-  | 

ing  steam  into  the  stairwell  entrance  of  the  shelter.  Calibration  of  \ 

i 

i 

) 
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neither  instrument  is  affected  liy  changes  in  intake  air  ten^jerature  or 
humidity. 

The  calibration  curve  for  the  propeller  anemometer,  showing  apparent 
or  instrument  air  velocity  (calculated  from  instrument  and  stop  watch  read¬ 
ings)  versus  actual  cfm,  is  nearly  a  linear  relationship,  A  representation 
of  this  curve  is  shown  in  Figure  9.  (Below  an  Instrument  air  velocity  of 

18  ft  per  min  the  anemometer  vanes  do  not  rotate,)  All  calibration  points, 
a  total  of  87,  for  all  temperatures  and  humidities  lie  within  ♦3«5  and  -3.3 
percent  of  the  points  dictated  by  the  calibration  curve  drawn. 

Test  points  for  the  calbration  curve  described  earlier  for  the  thermo¬ 
couple  anemometer  are  all  within  +11.9  and  -7.6  percent  (these  being  the 
two  most  erratic  points)  of  the  values  read  from  the  curve  drawn. 

Although  the  windmill  and  the  therroocouple  anemometer  do  not  extend 
to  extremely  low  flows,  they  do  permit  reliable  air  flow  measurement  from 

19  to  lU3  acfn.  Both  methods  are  independent  of  ambient  air  temperature 
and  himidity  changes,  and  either  method  provides  results  within  good 
engineering  accuracy.  Because  the  thermocouple  anemometer  is  the  least 
accurate  and  the  least  comprehensive  of  the  two  instruments,  it  is  used 
only  to  confirm  the  readings  obtained  by  the  propeller  anemometer.  The 
two  instruments  are  used  simultaneously  when  testing. 

Temperature  Measurements 

To  properly  evaluate  the  effect  of  the  flame  in  the  chimney,  stack  as 
well  as  room  and  ambient  ten^jeratures  must  be  determined.  The  first  at¬ 
tempt  to  measure  temperature  in  a  straight  6  in,  diameter,  15  ft  long 
stack  involved  placing  copper-constantan  thermocouples  every  few  feet. 

The  thermccouple  wires,  with  original  insulation  only,  were  inserted 
through  small  holes  in  the  stack  wall.  The  thermocouple  junctions  were 
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located  at  about  the  center  of  the  gas  stream.  This  arrangement  proved 
to  bo  inadequate  because  representative  temperatures  along  the  stack  could 
not  be  obtained.  Wide  variations  in  temperatures  at  different  locations 
along  the  stack  were  caused  by  thermocouples  "seeing*  the  flame  at  the 
stack  bottom  and  because  of  temperature  and  gas  velocity  profiles  across 
the  stack  cross  section. 

To  improve  the  accuracy  of  temperature  readings  and  to  provide  a 
means  of  taking  a  traverse  across  the  stack,  movable  thermocouple  probes 
were  built.  The  first  probes  built,  shown  in  Figure  10a  on  page  31,  consist 
of  20  gage  iron-constantan  thermocouple  wires  Inside  steel  tubes  about  11 
in,  long.  The  tubes  pass  through  brass  cinch  adapter  tubing  fittings 
soldered  into  the  stack  wall.  The  angled  end  of  the  probes  permits  the 
thermocouple  to  be  exposed  to  the  gases,  yet  provides  shielding  against 
direct  radiation  from  flame, 

A  teuqjerature  travei^e  was  taken  with  these  probes  at  an  average  stack 
ten^erature  of  about  500°  F,  Some  very  unusual  results  were  obtained, 
especially  with  the  probe  nearest  the  combustion  chamber,  A  temperature 
difference  as  high  as  175°  F  occurred  between  two  points,  each  point  being 
about  l/2  inch  from  the  stack  wall  but  on  opposite  sides,  -  The  higher  of  -- 
the  two  ten^eratures  was  at  the  "far  wall"  point,  i,e,,  with  the  probe  ex¬ 
tending  all  the  way  across  the  stack.  Similar  temperature  differences 
were  found  at  all  points  along  the  stack  length. 

It  appeared  that  heat  was  being  rapidly  conducted  away  from  the 
couple  junction  by  the  steel  tubing  and  the  large  20  gage  wires.  The 
highest  conduction  rate  was  when  the  probe  was  fully  extended,  i,e,,  when 
the  thermocouple  junction  was  at  the  "near  wall"  point.  The  higher  rate 
is  due  to  the  cool  air  surrounding  the  outside  of  the  stack. 
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To  reduce  heat  conduction  to  a  minimiun,  the  probe  design  was  changed. 

The  tuLes  were  cut  off  "square"  on  the  end,  the  20  gage  tI'ien..ocouple  wires 
replaced  by  smaller  30  gage  wire,  and  porcelain  insulators  placed  inside 
the  tubes  arotind  the  wires  over  nearly  the  full  length  of  the  tube.  As  a 
tjrpe  of  heat  sink  for  the  therrnocouples,  brass  balls  about  3/16  inch  in 
diameter  were  fused  onto  the  couple  Junctions,  This  probe  design  is  shown 
in  Figure  10b  on  page  31. 

Temperature  traverses  with  this  t3rpe  probe  gave  good  results  at  stack 
heists  of  5  ft  and  above.  Temperature  readings  at  the  near  and  far  points 
all  agree  within  eight  percent  of  each  other  for  these  heights.  This 
arrangement  permits  the  determination  of  representative  stack  ten^eratures 
at  points  5  ft  or  more  from  the  flame. 

The  brass  ball  temperature  probe  is  not  satisfactory  for  points  close 
to  the  flame.  The  probe  at  the  bottom  of  the  stack  ’«s  eliminated  because 
it  received  heat  directly  from  flame  and  thus  gave  a  reading  more  repre¬ 
sentative  of  combustion  chamber  temperature  rather  than  stack  gas  temperature. 
This  reading  was  of  no  value  in  determining  the  mean  or  average  stack 
temperature. 

It  was  decided  that  the  first  temperature  along  the  stack  would  be 
read  at  a  point  2-1/2  ft  from  the  bottom,  A  third  type  of  probe  was 
used  for  this  point.  See  Figure  10c  on  page  31.  This  probe,  similar  to 
the  ones  discussed  above,  uses  a  30  gage  Junction  with  no  additional  heat 
sink.  The  thermocouple  is  in  the  center  of  a  5/32  inch  hole  drilled  through 
the  tube  at  about  one-half  inch  from  its  end.  The  probe,  used  with  the  small 
hole  in  the  tube  perpendicular  to  gas  flow,  reduces  radiation  and  turbulence 
effects  and  gives  fairly  reliable  and  stable  temperature  readings. 


In  order  to! obtain  the  average  temperature  at  any  stack  cross  section, 

I 

plots  of  temperature  versus  distance  across  stack  were  made.  From  these 
plots  it  was  detirmined  that  the  average  cross-sectional  temperature  for 
all  stack  heights  is  given  when  the  probe  thermocouples  are  at  2  in,  from 
the  near  wall,  (This  location  applies  only  for  a  6  in,  diameter  stack,) 

In  an  article  entitled  "Keasurement  of  Mean  Temperature  in  a  Duct", 
appearing  in  the  September,  1961  issue  of  Instruments  and  Control  Systems, 
it  is  stated  that  when  only  one  temperature  sensor  is  used  at  a  particular 
stack  cross  section,  it  should  be  placed  at  0,58  times  the  radius  away 
from  -Wie  center.  This  is  in  relatively  close  agreement  with  the  results 
obtained  through  temperature  traverse  readings.  This  same  procedure  for 
locating  temperature  probes  was  used  each  time  the  stack  diameter  was 
changed. 

The  final  locations  decided  upon  for  thermocouple  probes  along  the 
stack  length  include  the  shielded  probe  at  2-1/2  ft  and  brass  ball  probes 
at  5  ft  and  every  5  ft  interval  thereafter.  Thus  for  a  stack  l5  ft  high, 

I 

four  stack  temperatures  were  read  and  recorded, 

i 

The  mean  stack  temperature  for  a  particular  test  was  determined  by 
plotting  a  curve  of  temperature  versus  stack  height  (a  linear  relationship) 
and  then  selecting  the  temperature  at  the  raid-height  of  the  stack.  Thus 
for  a  l5  ft  stack,  the  mean  stack  temperature  (Tm  or  Tch)  is  taken  from 

the  curve  at  the!  7-1/2  ft  point.  It  is  estimated  that  this  method  of 

I 

deter.mining  the  jnean  stack  temperature  is  accurate  to  within  U  percent. 
Other  temperatures  determined  and  recorded  during  testing  included  those 
of  the  shelter  space,  the  room  above  the  shelter,  and  intake  air  tempera¬ 
ture,  These  three  temperatures  were  taken  by  using  copper-constantan 
thermocouples.  Stack  temperatures  were  read  from  a  0-1000°  F  recorder  and 


-3li- 

the  remainder  from  a  0-100°  F  recorder.  Both  recorders,  Hone3rwell  models 
using  type  J  couples,  were  periodically  calibrated  by  inserting  one  thermo¬ 
couple  in  32°  F  ice  water  and  adjusting  the  indicators  as  required. 

Pressure  Measurements 

At  the  outset  of  the  project,  the  need  to  measure  the  pressure  drop 
at  the  inlet  to  the  shelter  in  relation  to  air  flew  was  anticipated.  This 
relationship  was  needed  in  order  to  determine  the  permissible  restriction 
for  shelters  in  terms  of  filters  and  still  obtain  the  required  ventilation 
air. 

A  type  "C*  micromanometer,  made  by  B,  Vernon  Hill  &  Co,,  Chicago,  was 
cleaned  and  filled  with  a  special  gage  fluid  having  a  specific  gravity  of 
0,797,  Although  the  fluid  is  not  water,  the  manometer  reads  in  inches  of 
water,  the  smallest  dial  division  being  0,001  in,  of  water.  The  raicro- 
Esnoraetsr  is  shown  in  Figure  11  on  page  35, 

The  instrument  was  located  inside  the  shelter  near  the  stack.  The 
main  reason  for  locating  it  near  the  stack  is  because  a  pitot  tube,  used 
to  measure  exhaust  gas  velocity,  was  installed  in  the  stack  and  it  appeared 
desirable  to  have  its  connection  hose  as  short. as  possible.  Also  a 
pressure  probe  was  installed  at  the  bottom  of  the  stack  for  measurement  of 
stack  entrance  pressure  drop.  To  measure  the  entrance  or  room  pressure 
drop  (^Ppj^),  one  tube  ‘from  the  manometer  extended  through  the  ceiling  to 
measure  ambient  pressure  and  the  other  tube  was  open  to  measure  the  shelter 
pressure.  All  pressure  tubes  from  the  pitot  tube,  the  room  pressure  drop 
arrangement,  and  the  stack  bottom  converge  at  a  manifold  consisting  of  glass 
tees  and  short  pieces  of  Tygon  tubing.  Only  two  hoses  run  from  the  manifold 
to  the  micromanometer.  With  the  use  of  screw  clamps  in  the  appropriate 
places,  measurement  of  any  desired  pressure  drop  is  relatively  simple. 
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An  equation  for  air  flow  through  the  shelter  was  developed  in  an 
earlier  section.  Indicated  in  this  equation,  written  in  terms  of  inches 
of  water,  are  two  terms,  the  stun  of  which  accounts  for  the  total  pressure 
drop  APyjj  at  the  shelter  entrance.  The  individual  terms  account  for  the 
friction  loss  and  the  velocity  head  loss  in  the  intake  duct.  Theoretical 
values  of  teken  from  a  computer  program  of  the  flow  equations,  are 

plotted  in  Figure  12  on  page  37  along  with  experimental  A  Prm  values  as 
measured  with  the  micromanometer.  Pressures  are  plotted  versus  temperature 
difference,  i,e,,  mean  stack  tenqjerature  (Teh)  '"'inus  ambient  temperature 
around  stack  (Trm),  Although  this  graph  is  for  only  two  different  stack 
configurations,  it  is  representative  and  shows  the  relative  accuracy  and 
reliability  of  the  microma nometer  readings. 

The  pressure  probe  at  the  bottom  of  the  stack  consists  of  a  straight 
piece  of  3A6  in,  steel  tubing,  closed  at  one  end,  with  3/6U  in,  diameter 
holes  drilled  completely  thro\igh  and  spaced  about  eveiy  half  inch  along 
the  tube  length.  The  small  holes  are  perpendicular  to  the  air  flow. 

Used  in  conduction  with  the  micromanometer,  the  pressure  probe  permits 
measurement  of  the  difference  in  pressure  between  the  shelter  space  and 
the  bottom  of  the  stack,  i,e,,  the  stack  e ntrance  loss. 

Because  the  air  was  not  forced  to  pass  through  the  intake  duct  during 
open  door  tests,  neither  the  propeller  anemometer  nor  the  thermocouple 
anemometer  could  be  used  to  measure  the  air  flow.  Instead,  a  pitot  tube, 
installed  in  the  stack  at  mid-height,  was  used  to  measure  the  air  flow. 

To  do  this  the  tube  was  calibrated  during  the  previous  closed  door  test. 
Further  explanation  of  calibration  follows. 

The  difference  between  the  static  and  the  stagnation  pressures 
(ps  -  po)  in  the  stack  is  measured  using  the  micromanometer.  The  apparent 
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stack  air  velocity  is  then  calculated  using  the  basic  pitot  tube  equation, 
(10)  Vq  -  sf2g(pg  -Po)/r  (-t  per  sec) 

in  which  if  is  the  air  density.  Equation  (lO)  can  be  sinplified  by  letting 
4P*  (Ps  -  Po^  5  ^sp  ■  ^0  "  stack  velocity  as  determined  from  the  pitot 
tube  readings;  and  solving  for  the  air  density  from  the  perfect  gas  law. 
Clearly, 

^  w  .  '■b  .  Pb(0.U91)(11J,)  1.327  Pj 

T  a(Tch  '♦  m  r^srjrxTamm  rrsmm 

and  by  substituting  these  and  the  conversion  factor,  1  in,  HgO  ■  5.203  psf, 
into  equation  (10),  we  obtain, 

(12)  Vgp  -  'TiiZpTr  -  \|  2(32.2)  (4  p)  (5.203)  (Tgh  ♦  U60)/l^327  Pfi 
or 

Vgp  -  \j252.2(^p)(Tch  ♦  U60)/Pb 

where  Vgp  ■  stack  gas  velocity  as  determined  from  the  pitot  tube  readings, 
ft  per  sec 

^  p  ■  pitot  tube  pressure  reading,  in,  of  H2O 
Tch  ■  mean  stack  or  chimney  temperature,  °F 
Pg  ■  barometric  pressure,  in,  of  Hg 
To  find  the  actual  cfm  of  air  flowing  in  the  stack,  we  can  write. 


(Pi)(ACFM)i  WiRidi  ♦  U60) 
(Ps)(ACFM)s  WsRs(Tch  ^  U60) 
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and  because  the  weight  of  air  flowing  per  minute  and  the  gas  constants 
are  the  same  at  inlet  and  stack  conditions,  we  nay  write,  if  we  assume 
that  the  barometric  pressures  are  the  same, 

(13)  (ACFM)g  -  (ACFM)i 

(Ti  ♦  k60) 

where  "  mean  stack  temperature,  °F 

■  inlet  air  temperature,  °F 
(ACFM)j^  ■  actual  air  flow  at  inlet,  cu  ft  por  rain 
(ACFM)g  ■  actual  air  flow  in  stack,  cu  ft  per  min 
The  terms  on  the  right  side  of  equation  (13)  are  determined  firom  the  closed 
door  test.  The  air  flow  in  the  stack  is  also  given  by  multiplying  the 
cross  sectional  stack  area  (Ag)  by  the  true  stack  velocity  (Vg^),  Hence, 

(lli)  ACFMg  -  Ag  Vgt 

or 

^st  *  ACFMg/Ag 

where  Ag  is  in  sq  ft.  Vgt  is  then  con^ared  with  Vsp  and  a  constant  or 
correction  factor  (C]^)  determined  from  the  relationship,  , 

(19)  Vgt  •  Cl  Vgp 

Equation  (lO)  is  normally  used  only  for  incompressible  fluids.  It  can 
be  used  for  air  with  little  error  .f  the  pitot  tube  is  calibrated  for  each 
change  in  stack  configuration  over  a  wide  range  in  air  velocities. 

Heat  Generating  Squipment 

Because  it  is  assumed  that  no  electricity  will  be  available  in  the 
shelter,  which  precludes  the  use  of  electrically  driven  fans  for  supplying 


ventilation  air,  considera'tion  was  not  given  to  combustion  equipment 
requiring  electricity  for  operation  or  control, 

A  first  thought  was  tiat  a  small  pot  burner  using  fuel  oil  would  be 


ideal,  but  a  test  proved  differently.  Maximum  flow  obtainable  in  a  6  in, 
diameter  15  ft  straight  stick  with  the  pot  burner  was  about  30  acfm  at  a 
stack  temperature  of  nearly  li00°  F  and  a  heat  output  of  about  36,000  Btuh, 

I 

The  reason  i'or  such  a  low  :riow  is  that  most  of  the  pressure  drop  generated 
Ms  used  to  induce  proper  combustion  in  the  pot  burner  which  uses  a  baro- 
metric  damper.  Little  pressure  drop  was  left  to  induce  air  to  flow  through 

I 

the  shelter.  It  was  concluded  that  a  pot  burner  which  requires  a  large 
pressure  drop  for  combustion  will  rxst  suffice  as  proper  heat  generating 
equipment  for  shelters, 

I 

The  next  attempt  to  induce  a  draft  by  a  flame  in  the  chimney  was  to 
iftilize  a  small  fuel-oil  space  heater  of  the  wick-type.  Because  of  the 


configuration  of  the  hood  ^nd  to  conserve  space,  it  was  necessary  to  remove 
ithe  tank  and  wick  assembly  from  the  space  heater  body,  (In  this  report 
the  tank  and  wick  assembly  are  referred  to  as  the  space  heater.)  When 
using  the  tank  and  wick  assembly  by  itself,  it  was  found  that  it  failed 
to  bum  correctly  due  to  iit^jroper  draft.  Therefore  a  small  chimney  was 

i 

built  out  of  sheet  metal  and  placed  around  the  flame.  See  Figure  la  on 
page  lil.  With  this  burner  the  full  benefit  of  combustion  is  realized  in 
generating  a  pressure  differential  which  causes  air  to  flow  through  the 


shelter.  The  range  of  air  flow  obtainable  with  the  wick-type  space 
heater  in  the  6  in,  ft  high  stack  is  about  35  to  60  acfm.  Maximum  mean 
^tack  temperature  is  around  160°  F, 


As  another  heat  source,  a  single  kerosene  lamp  of  the  type  common  a 
few  years  back  was  tried.  About  25  acfm  of  air  can  be  drawn  throi;igh  the 
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Figure  13.  "Three-Holer"  Kerosene  Lamp 


Figure  14.  Dual  Space-Heater  Equipment 
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shelter  when  the  langj  is  operated  at  ■full*  flame,  A  "three-holer"  1* 
burner  was  developed  idiereby  the  wicks  and  glass  chimneys  of  three  dli 
kerosene  lan^js  were  put  on  one  fuel  tank.  The  rectangular  fuel  tank 
nearly  one  gallon  of  kerosene.  The  "three-holer"  burner  is  shown  in  F 
13  on  page  1*1,  With  this  arrangement  it  is  possible  to  bum  one,  two, 
three  lang)s  at  a  time  to  obtain  increased  heat  output  and  air  flow,  T. 
draft  generated  by  burning  the  three  lamps  simultaneously  is  nearly  eq; 
alent  to  that  produced  try  the  small  wick- type  space  heater. 

In  an  endeavor  to  produce  air  flows  greater  than  60  acfm,  a  seconc 
wick-type  space  heater  was  obtained,  A  portable  stand,  consisting  of  s 
piece  of  1/2  in,  plywood  with  two  2x1*  legs,  supports  the  two  burners. 
Two  2  in,  holes  were  cut  in  the  plywood  to  supply  primary  combustion  ai 
to  the  burners  *diich  set  flat  on  the  plywood.  With  this  "dual-burner" 
arrangement  at  the  bottom  of  a  6  in,  15  ft  high  strai^t  stack,  a  maxim 
flow  of  80  acfm  is  obtained  at  a  mean  stack  temperature  of  about  230°  F, 
The  dual-space-heater  xinit  is  shown  in  Figure  li*  oq  page  1*1  as  it  appeal 
during  operation.  In  the  same  figure  are  shown  the  bottom  of  the  intak< 

I  ' 

hood  and  a  scale  balance  which  is  used  to  determine  the  weight  of  fuel 

burned,  _ _ : _ , — 

As  explained  earlier,  it  cannot  be  assumed  that  natural  gas  will  be 
available  during  shelter  occupancy.  However,  for  the  purpose  of  testing 
two  natural  gas  burners  were  utilized  in  order  to  reach  temperatures  and 
flows  considerably  above  those  obtainable  by  the  other  methods.  Mean 
stack  temperatures  of  nearly  6^0°  F  can  be  obtained  by  using  the  natural 
gas  burners. 
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Hood  Configurations 

At  the  beginning  of  ventilation  tests,  a  6  in,  diameter  vertical  stack 
was  used,  "nie  stack  entrance  loss  was  measured  at  a  flow  of  50  acfm  using 
a  wick-lype  kerosene  burner  as  the  heat  generator  with  no  ertrahce  hood  at 
the  stack.  In  order  to  minimize  the  stack  entrance  loss,  the  most  econom<- 
ical  and  practical  hood  type  had  to  be  determined.  Tests  were  conducted, 
all  at  air  flows  of  $0  acfm,  with  various  hood  configurations.  The  first 
hood,  conical  in  shape,  was  made  from  heavy  aluminum  foil.  The  top  dia¬ 
meter  of  the  hood  was  6  in,,  bottom  diameter  was  21*  in,,  and  height  was 
16  in.  Stack  entrance  loss  was  measured  and  recorded  at  a  flow  of  50  acfm. 

The  second  hood,  also  of  a  conical  shape  and  made  from  aluminum  foil, 
was  5.5  in,  high  with  top  and  bottom  diameters  of  6  and  12  in,,  respectively 
Again  the  entrance  pressure  drop  at  50  acfm  flow  was  measured. 

The  third  and  final  hood  tested  was  made  of  galvanized  sheet  metal  in 
a  rectangular  shape  of  dimensions:  hei^t,  13  in,;  width,  10  in;  and 
length,  17  in.  The  pressure  drop  was  measured  as  before.  Stack  entrance 
losses  for  the  four  conditions  previously  described  were  conpared. 

Results  showed  that  all  readings  were  within  3.5  percent  of  each  other,  a 
negligible  difference.  From  these  results  it  was  concluded  that  air  flow 
by  the  induced  draft  method  is  nearly  independent  of  hood  shape  and  size. 
Consequently,  all  further  ventilation  tests  were  conducted  using  the 
rectangular  hood,  A  rectangular  hood  is  easier  to  build  than  a  conical 
one,  is  cheaper,  and  better  accommodates  the  various  types  of  combustion 
equipment  discussed  in  the  last  section.  The  rectangular  hood  is  shown  in 
Figures  1  and  Hi  on  pages  3  and  Ul, 

Several  tests  were  conducted  with  a  one-inch  layer  of  fiberglass 
insulation  on  the  stack  intake  hood  and  stack  within  the  shelter  to 


determine  the  amount  of  heat  added  to  the  shelter  in  the  absence  of 
insulation,  A  prototype  shelter  in  which  the  horizontal  portion  of  the 
stack  runs  through  a  concrete  wall  into  adjacent  earth  or  space  may  or 
may  not  be  similar  to  the  test  insulated  condition  depending  upon 
conductive  qualities  of  the  surroxmdings.  However  con^jarisons  could 
only  be  made  on  the  basis  of  idiat  was  available.  Results  shown  later 
clearly  indicated  the  value  of  insulation,  . 


PROCEDURE 


The  original  model  for  conducting  tests  of  ventilation  air  flow 
caused  by  a  flame  in  a  chimney  was  set  up  with  the  intent  of  having  a 
simple  installation  in  order  to  reduce  the  variables  to  a  minimum.  To 
accomplish  this,  the  stack  was  installed  vertically  out  of  the  shelter 
—no  bends  or  elbows— to  minimize  friction  and  velocity  loss  effects. 
Intake  air  was  brought  into  the  shelter  through  a  straight  length  of 
8  in,  galvanized  sheet  metal  duct— no  bends,  no  elbows,  or  filters. 

Because  the  stack  was  completely  within  the  surromding  building,  the 
effects  of  wind,  for  testing  purposes,  were  eliminated.  This  is  the 
simplest  set  up,  thou^  periiaps  not  the  most  desirable  from  the  stand¬ 
point  of  fallout  radiation  elimination,  that  can  be  achieved  in  any  home 
shelter.  The  stack  is  vertical,  there  are  no  variables  induced  by  wind, 
and  inlet  air  is  not  restricted  by  conditions  other  than  the  intake  duct 
itself, 

A  giV3up  of  tests  were  conducted  using  various  lengths  of  6  in, 
diameter  straight  stack,  "Straight  stack"  means  one  that  is  completely 
vertical  and  contains  no  elbows,  bends,  or  horizontal  lengths.  Pressure, 
temperature,  fuel  rate,  and  air  flow-rate  data  were  recorded  for  the  heat¬ 
ing  methods  of  kerosene  lamps  and  wick- type  space  heaters.  Similar  data, 
excluding  the  fuel  rate,  were  taken  for  the  natural  gas  heating  method. 

The  above  data  were  collected  in  what  is  tt^rmed  a  "closed  door" 
test.  Open  door  tests  for  6  in,  diameter  stacks  followed  the  close  door 
tests.  For  an  open  door  test,  then,  the  pitot  tube  ZVp  and  the  mean  stack 
temperature  are  read,  the  apparent  stack  velocity  is  calculated 

from  equation  (12),  correction  factor  is  applied,  and  the  actual  flow 
at  inlet  conditions  is  foiind  from  equations  (13)  and  (lli). 
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After  tests  had  been  completed  with  6  in.  diameter  straight  stacks, 
two  90°  four-piece  elbows  and  a  2  ft  long  horizontal  length  of  single- 
walled  duct  were  added  to  the  stack  bottom.  See  Figure  1  on  page  3. 

Both  open  door  and  closed  door  tests  were  run  with  this  "elbowed" 
stack  arrangement.  This  condition  is  often  referred  to  as  an  "equivalent 
length"  stack.  The  equivalent  length  applies  to  the  elbows  and  is  dis¬ 
cussed  in  detail  in  a  later  section. 

To  find  the  shelter  heat-addition  difference,  tests  were  conducted 
with  and  without  insulation  at  constant  mean  stack  temperatures.  Fuel 
rates  for  the  insulated  and  the  uninsulated  stacks  were  determined  by 
weighing  the  amount  of  fuel  used  over  a  period  of  time.  From  this  data 
the  heat  saved  by  insulation  can  be  calculated. 

Fuel  rata  data  was  also  taken  for  several  stack  configurations 
(various  lengths  and  diameters)  to  detennine  the  relationship  between 
fuel  consumption  and  ten?3erature  difference. 

Similar  tests,  with  the  exclusion  of  insulation  tests,  were  also 
conducted  with  8  in,  diameter  stacks  ranging  in  vertical  heights  from 
5  ft  to  l5  ft.  It  was  deemed  unnecessary  to  conduct  insulation  tests 
for  the  8  in,  stacks  because  a  percentage  value,  determined  in  the  6  in, 
tests,  can  be  applied  to  the  other  diameters  if  fuel  saving  figures  are 
desired. 

To  determine  the  effect  on  air  flow  from  the  use  of  ventilator  caps, 
tests  with  8  in,  stacks  were  made  using  two  types  of  caps  at  the  stack 
outlet — a  two-directional  Artis  cap  and  an  all-directional  Belmont  cap, 
(Directional  refers  to  wind  conditions.) 
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resitlts  km  COmUSlONS 


Much  of  the  data  collected  from  experiments  and  from  the  coii5>uter 
programs  are  presented  in  this  section  in  the  form  of  graphs.  The 
first  eight  figures  of  air  flow  versus  temperature  difference  con^jare 
experimental  results  with  theoretical  results  in  order  to  indicate 
the  relative  accuracy  of  the  flow  equation  with  its  associated  assump¬ 
tions,  The  remaining  figures  supply  informktion  on  inlet  pressure 
drop,  fuel  rates,  and  the  effect  of  altitude  and  ventilator  caps  on 

fl'' 

flow,  A  group  of  curves  for  designing  a  ventilation  system  are  also 
included. 

Figures  1?  and  l6  show  ^  T,  .i,e,,  mean  chimney  temperature  (Tq^) 
minus  ambient  temperature  around  stack  (Tm),  versus  rate  of  air  flow 

i 

for  6  in,  diameter  stacks.  The  friction  factors,  f^^  and  fg  in  equation 

(7),  were  determined  from  the  experimental  ci^rve  for  the  straight  stacli 

I 

closed  door  test.  Figure  15.  Theoretical  values  are  within  2-1/2  perc^t 
or  less  of  the  experimental  values  at  all  points. 

The  25  ft  equivalent  length  experimental  curve  in  Figure  16  was  used 
to  determine  the  equivalent  length  of  ■‘•ho  two  90°  elbows.  Experimental, 
values  are  again  about  2-1/2  percent  from  theoretical  ones.  The  theoreti- 

I 

cal  values  for  the  other  cuimres  in  this  figure,  as  well  as  for  all  othejr 
curves  of  all  diameters,  were  determined  with  fixed  values  of  friction 
factors  and  equivalent  elbow  length.  These  fixed  values  are  f^  ■  0,lil5, 
f2  ■  0,06U,  and  equivalent  length  ■  U,2  ft/elbow.  It  should  be  mentioned 
that  an  equivalent  lengtn  stack  of,  say  IiO  ft,  means  one  with  a  vertical 
height  of  30  ft.  That  is,  (30  ft  vertical),  ♦  (2  ells)  ^h.2  I 

(2  ft  horizontal)  ■  liO,U  total  equivalent  stack  length.  The  total 
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equivalent  length  is  rounded  off  to  the  nearest  vhole  number  when  presented 
in  the  graphs. 

The  open  door  con^jarison  for  the  6  in.  stacks  are  shown  in  Figures 
17  and  18.  Sxperimental  values  are  again  in  close  agreement  wiUx  theoreti¬ 
cal  values.  This  indicates  that  the  choice  of  f2  and  of  elbow  equivalents 
is  appro  prlate,  at  least  for  the  6  in.  diameter  stack  of  l5  ft.  length  since 
the  intake  terms  in  equation  (7)  become  zero  with  an  open  door.  The  result¬ 
ing  thaorstical  values  are  therefore  not  influenced  bj  the  inlet  friction 
factor. 

Air  flow- temperature  relations  for  8  in,  diameter  stacks  with  closed 
door  are  shown  in  Figures  19  and  20,  Because  e:q>erimental  values  are 
somewhat  higher  than  the  theoretical  ones,  it  appears  that  in  equations 
(7)  one  or  more  of  the  factors,  perhaps  the  entrance  coefficients,  friction 
factors,  0.*  elbow  equivalents,  are  not  constant  as  assumed.  It  is  believed 
that  the  principal  factor  contributing  to  the  higher  experimental  values 
is  the  stack  friction  factor,  f2.  Original  determination  of  f2  was  for  a 
6  in,  stack  which  had  been  in  place  for  nearly  five  months.  Over  this 
period  of  time  a  heavy  layer  of  soot  collected  on  the  stack  walls  to 
which  Inherently  offers  more  restriction  to  flow  than  clean  walls,  Tne 
8  in,  stack,  however,  had  no  soot  on  the  walls  when  tested.  The  aluminum 
liner  was  shirgr,  smooth,  and  clean  and  consequently  offered  less  restric¬ 
tion  to  flow  than  a  sooted  stack.  The  assumption  of  a  constant  friction 
factor  is  thus  conservative.  As  a  result,  theoretical  curves  include  a 
margin  of  safety  for  predicting  air  flow. 

Results  of  open  door  tests  on  8  in,  stacks  appear  in  Figures  21  and 
22.  Agreement  between  experimental  and  theoretical  values  in  again  within 
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Figure  17,  Air  Flow  vs.  Temperature  Difference  for  6"  Diameter  Stack 
Open  Door  Tests  ~  Straight  Stack 
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Figure  18»  Air  Flow  vs.  Temperature  Difference  for  6"  Diameter  Stack 
Opa\  Door  Test  —  KLbowed  Stack 
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Figure  19.  Air  Flow  vs,  Ter.qjerature  Difference  for  8"  Diameter  Stack 
Closed  Door  Tests  —  Straight  Stack 
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Figare  21*  Air  Flow  vs.  TfflT5)eraturQ  Difference  for  8"  Diameter  Stack, 
Open  Door  Test  —  Stiaight  Stack 


Figure  22,  Air  Flow  vs,  Teraperat  je  Difference  for  8"  Diameter  Stack 
Open  Door  Tests  —  El] owed  Stack 


tolerable  limits.  There  are  several  wild  points  on  the  graph  in  Figure  <?1, 
pspor’^-'llr  flrwe  n’-'r  '  ' Tti>^  ■•rratlc  behavior  of  the  pitot 
,  :  (*,  i  ■  readings  is  attributed  to  location  of  the  pitot  tube  in  the 

nd*' jkjOnly  seven  feet  directly  above  the  flame  or  point  where  the  air  veloc 
Ity  was  established  and  thus,  at  higli  flows,  in  the  path  of  very  turbulent 
air.  With  the  elbowed  arrangement,  the  points  of  Figure  22  again  follow  a 
smooth  curve  above  1^0  acfm  air  flow.  The  elbows  and  short  horizontal 
lengths  of  stack  tend  to  straighten  the  flow  by  the  time  it  reached  the 
pitot  tube, 

Flgfure  23  on  page  58  illustrates  the  effect  of  inlet  restriction 
given  by  an  8  in,  diameter  intake  duct  on  air  flow  in  6  and  8  in,  stacks 
of  l5  ft  height.  At  a  temperature  difference  of  only  1C0°  F,  unrestricted 
flow  for  the  6  in,  stack  is  reduced  by  18  percent  by  an  inlet  restriction 
of  only  0,006it  inches  of  water.  Under  the  same  conditions,  unrestricted 
flow  for  the  8  in,  stack  is  reduced  hy  32  percent  by  an  inlet  restriction 
of  0,0m5  in,  of  water.  It  appears  from  this  comparison  that  in  actual 
shelter  situations,  if  an  intake  duct  is  to  be  used,  its  cross-sectional 
area  should  be  at  least  double  that  of  the  stack  area  in  order  to  nearly 
eliminate  ary  effect  from  inlet  restriction.  This  "double  the  area"  rule 
should  be  used  as  a  rule-of-thumb  for  estimating  purposes  only. 

To  further  investigate  the  effects  of  room  -d  P  in  relation  to  4  T 
and  air  flow,  a  test  was  conducted  in  which  a  piece  of  cardboard  with 
several  small  holes  through  it  was  taped  over  the  inlet  end  of  the  intake 
duct.  This  arrangement  simulated  an  air  Ixlter,  at  least  in  its  effect 
upon  restraining  flow.  Pressure  drop,  temperatures,  and  air  flow  were 
measured.  Results  of  the  test  appear  in  Figure  2U,  The  curves  show  that 
a  small  piessure  dorp  causes  a  severe  reduction  in  flow  from  that  of  the 
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unrestricted  condition.  At  a  of  F,  for  example,  air  flow  is  iSh 
acfm  with  an  open  door  and  U8  acfm  with  the  restricted  condition.  The 
decrease  in  flox/,  almost  70  percent  at  a  AT  of  500®  F,  is  caused  by  a 
APn  of  only  0,0577  inches  of  water.  This  indicates  that  filters  cannot 
be  used  with  the  induced  draft  method  of  shelter  ventilation  becaase  there 
are  very  few,  if  ary,  filters  available  that  offer  less  than  0,1  inch  of 
water  restriction  and  retain  reasonable  efficiency  at  the  air  flow  rates 

being  considered.  Thus  it  is  recommended  that  only  open  door  shelter . - 

situations  be  considered  x^en  designing  vrith  this  system  of  ventilation. 

The  effect  of  altitude  on  air  flow  for  any  given  tempera’.  '.e  differ¬ 
ence'  is  negllg?ble  ‘  as  shown  in  Figure  25.  Values  for  these  three  sets  of 
curves  were  taken  from  the  computer  results,  Actural  conditions  for  the 
5000  ft  .iltitude  curves  varied  as  follows;  barometric  pressure— 2li, 59  to 
25.22  in,  Hg;  inlet  temperature — 72  to  82°  F,  The  sea  level  cur/es  are 
for  the  standard  conditions  of  29.92  in,  Mg  barometer  and  70°  F  tempera¬ 
ture, 

,  The  decrease  of  standard  air  flow  at  $000  ft  altitude  is  less  than 
1,U  percent  for  any  given  temperature  difference.  This  means  that  negli¬ 
gible  error  is  introduced  -when  air  flow-temperature  difference  values  from 
the  curves  are  used  for  altitudes  of  zero  to  50CJ  ft. 

The  curves  in  Figure  26  illustiate  the  effect  on  air  flow  of  two  types 
of  ventilator  stack  caps.  The  Artis  cap,  from  which  air  emerges  hcrizontally 
at  two  sides  only,  does  not  produce  any  noticable  change  in  air  flow  from 
that  of  the  xincapped-stack  condition.  With  the  Belmont  stack  cap,  air 
emerges  from  all  sides  in  a  dowr.xrard  direction,  i.e.,  air  flowing  up  the 
stack  must  reverse  directions  in  order  to  leave  ti  -  '  p.  This  motion 
reduces  the  uncapped-stack  flow  by  about  8  p'^rcent  as  hewn  in  the  cur/e. 


Figure  25.  Effect  of  Altitude  on  Air  Flow 
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The  flow  resistance  offered  by  the  Belnwnt  cap  amount?'  to  approximately 
0.5  ft  equivalent  length  as  calculated  from  the  equation  (9),  Similar 

results  were  obtained  from  a  straight  stack  test  (not  shown), 

.1 

It  should  be  remembered  that  the  ventilator  cap  tests  were  conducted 

/  ■  ■  . 
in  the  absence  of  wind.  In  actual  shelter  applications  where  wind  conditions 

are  present,  the  use  of  a  Balmont  cap  or  a  type  L  Breidert  Air-X-Hauster 
cap  (built  specifically  for  fallout  shelters)  will  have  less  dampening 
effect  on  air  flow  than  that  shown  by  the  curves.  These  caps  are  built 
so  that  the  outflow  of  air,  is  actually  increased  hy  an  aspirating  effect 
of  the  wind  regardless  of  the  wind  direction,  i,e.,  the  wind  produces  a 
suction  at  the  cap  outlet.  Thus,  in  general,  a  good  ventilator  stack 
cap  can  be  considered  to  offer  little  restriction  to  air  flow  at  a  shelter 
exhaust  when  used  with  the  induced  method  of  ventilation.  To  add  a  factor 
of  safety,  however,  it  is  recommended  that  the  cap  equivalent  length  be 
accounted  for  in  the  shelter  design. 

Surface  tenperatures  of  the  stack  inside  the  shelter  and  of  the  hood 
were  observed  with  and  without  insulation.  At  a  mean  stack  temperature 
of  200°  F,  the  surface  of  the  top  of  the  hood  approached  UOQo  p  with  no 
insulation.  With  one  inch  of  fiberglass  insulation  and  the  same  mean  stack 
temperature,  the  surface  temperature  of  the  insulation  on  the  hood  was 
reduced  to  less  than  100°  F,  This  surface  temperature  reduction  is  impor¬ 
tant  when  trying  to  minimize  heat  addition  by  radiation. 

There  can  be  a  substantial  fuel  savings  with  the  use  of  insulation 
as  indicated  by  the  data  presented  in  Figure  27  on  page  6U,  Although  this 
data  is  for  a  closed  door  arrangement  ^ich  was  ruled  out  in  previous 
discussions  and  it  represents  savings  realized  from  insulating  two  elbows, 


Fuel  Rate 
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Figure  27.  Fuel  Rate  vs.  Air  Flow  ~  Closed  Door  Test 


horizontal  stack  and  hood  (not  Just  hood  and  one  elbow  as  would  be  normal), 
it  is  still  significant. 

The  two  curves  for  6  in,  stacks  illustrate  the  effectiveness  of  insu¬ 
lation  placed  on  the  hood,  elbows,  and  horizontal  length  of  stack.  For 
any  given  air  flow  covered  by  the  two  curves,  the  fuel  (kerosene)  consunq)- 
tion  for  the  uninsulated  stack  is  decreased  by  about  15  percent  by  the 
addition  of  1  in,  of  fiberglass  insulation.  This  15  percent  may  not  be 

I 

realized  in  a  normal  installation  because  some  of  the  horizontal  piece 


and  one  elbow  may  be  in  soil  or  space  thgt  is  much  bet^r  conductor  than 
the  fiberglass.  The  percentage  decrease  in  fuel  rate  is  seen  to  apply  over 
the  entire  flow  range  for  the  6  in.  stack  condition  described.  Over  an 
extended  shelter  occupancy,  this  savings  could  mean  a  considerable  decrease 
in  amount  of  fuel,  and  fuel  cost.  Also  seen  from  Figure  27  is  the  relative 
effectiveness  of  the  "three-holer*  larrq)  and  the  dual  space-heater  burner. 

This  simple  test  indicates  that  stack  insulation  ii  very  important. 

If  a  single  walled  stack  is  to  be  used,  it  should  be  insulated  with  a 
minimum  of  1  in,  of  fiberglass  in  order  to  obtain  maxiTOjm  efficiency. 

Due  to  the  high  cost  of  insulation,  an  insulated  single-wall  stack  would 
cost  about  the  same  as  self-insulated  Ketal-Bestos  stack.  Metal-Bestos 
stack  is  easier  to  handle,  install  and  requires  less  maintenance  than 
an  insulated  single-wall  stack, 

A  few  tests  were  conducted  using  a  white  gas  can^  cook  stove  and  a 
two  mantle  gas  lantern.  With  both  t3rpes  of  heaters  it  was  observed  that  as 
the  gas  buivied  from  the  tanks,  the  tank  pressure  decreased.  As  a  result  the 
stack  temperature  and  air  flow  decreased.  Thus,  gas  stoves  and  gas  lanterns 
are  not  recommended  as  heat  generating  equipment  for  shelters.  This  equipnent 
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requirea  frequent  tank  pressurizing  to  maintain  constant  air  flow;  the 
flame  must  be  turned  off  to  refuel  the  tank;  and  the  fuel  is  inherently 
dangerous  because  of  the  possibility  of  explosion  and  fire  in  the  shelter. 

In  extreme  emergency  situations,  however,  gasoline-type  heaters  could  be 
used  If  proper  precautions  are  observed,  A  two  mantle  gas  lantern  will 
produce  flows  approximately  equal  to  that  of  two  kerosene  lamps,  A  two- 
gas-burner  camp  stove  will  produce  flows  about  equal  to  the  two  space 
heater  unit. 

Table  1  on  page  67  indicates  the  relative  merit  of  the  kerosene  burners 
used  in  this  investigation.  The  column  headed  maximum  temperature  difference 
gives  the  minimum  of  the  maximum  values,  i,e,,  the  lowest  values  of  maximum 
temperature  difference  that  could  be  reached  day  after  day  without  trimming 
the  wicks.  In  some  tests,  higher  maximum  values  were  obtained  but  these 
were  always  shortly  after  the  wicks  were  trimmed  or  new  ones  installed. 

Figure  28  gives  the  relation  between  tenperature  difference  and 
expected  fuel  rate  in  gallons  of  kerosene  per  hour  for  several  stack 
arrangements. 

Curves  on  the  following  pages  are  to  be  used  for  the  design  of  induced 
draft  ventilation  systems.  The  four  graphs  of  tenqjerature  difference  versus 
flow  rate  are  for  U,  6,  8,  and  10  in,  diameter  zero  equivalent  length  stacks, 
i,e,,  straight  stacks-no  elbows  or  caps,  and  for  vertical  heights  of  5,  10, 
15,  20,  25,  and  30  ft.  The  values  used  in  plotting  these  graphs  were  ob¬ 
tained  from  the  computer  program  of  the  flow  equation  for  the  open  door 
condition.  The  validity  of  the  equation  was  previously  established.  The 
plots  are  for  standard  atmospheric  conditions  (29,92  in,  Hg  and  70°  F)  and 
straight  stacks.  Effects  of  baroiaetric  changes  for  altitudes  between  0  and 
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TABLB  1 


Maximun  Temperature  Difference  Obtainable  for  6  and  8  in. 
Diameter  Straight  Stacks  of  Various  Lengths  with  Different 
Types  of  Burners 


Diameter 

Vertical  Hei^t 

Max,  Temperature 

l^e  of  Burner 

Inches 

Feet 

Difference,  °F 

U2 

3  Kerosene  Larps 

81 

1  Space  Heater 

167 

2  Space  Heaters 

3U 

3  Kerosene  Lamps 

6 

10 

78 

1  Soace  Heater 

lli3 

2  Space  Heaters 

32 

3  Kerosene  Lamps 

70 

1  Space  H-ater 

112 

2  Space  Heaters 

2h 

2  Kerosene  Lamps 

5 

U2 

3  Kerosene  Lairps 

55 

1  Space  Heater 

120 

2  Space  Heaters 

21 

2  Kerosene  Lanps 

8 

10 

3U  “  ^ 

3  Kerosene  Lamps 

39 

1  Space  Heater 

83 

2  S^ce  Heaters 

32 

3  Kerosene  Lamps 

15 

35 

1  Space  Heater 

71 

2  Space  Heaters 

20 

60 

2  Space  Heaters 

\ 

1 

[ 
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Figure  28.  Fuel  Consumption  Rate  vs  Temperature  Difference  for  6*  and  8"  Diameter  Stacks 
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5000  ft  are  so  small  that  pressure  corrections  do  not  need  to  be  applied 


to  these  graphs. 

Because  it  is  recommended  that  at  least  two  elbows  and  a  short  length 
of  horizontal  stack  be  used,  corrections  to  the  straight  stack  curves  must 
be  made  according  tc  the  equivalent  length  of  the  added  restriction.  The 
effect  of  adding  elbows,  horizontal  lengths,  and  vent  caps  to  the  vertical 
stack  can  be  taken  into  account  by  use  of  the  correction  facLrrs  gjven  in 
Figures  29,  31,  33,  and  35  or  in  Table  2,  These  correction  factors  were 
obtained  by  dividing  the  theoretical  air  flow  rates  obtained  with  a  straight 
stack  by  the  theoretical  flow  rate  obtained  with  a  stack  system  containing 
0  to  21  equivalent  feet  of  added  restriction. 

These  factors  are  to  be  applied  to  thd  required  cfm  value  before  enter¬ 
ing  the  graphs  for  straight  stacks.  The  required  cfm  of  air  flow  is  known 
from  the  size  of  an  actual  shelter  in  >hich  a  ventilation  stack  is  to  be 
installed.  The  stack  diameter,  vertical  height,  ntimber  of  elbows,  length 
of  horizontal  run,  and  type  of  vent  cap  (if  used)  must  be  assumed  as  a 
Starting  point  in  the  design, 

A  more  con^lete  explanation  of  the  design  curves,  tables,  and  method 
of  design  is  given  ly  an  example. 

Sample  Design  Problem 

It* is  desired  to  design  a  ventilation  system  for  a  shelter  which  requires 
a  total  of  100  cfm  of  fresh  air.  Assume  that  the  shelter  is  such  that  it 
will  conveniently  accommodate  an  8  in,  diameter,  15  ft  high  stack  with  two 
90°  elbows  and  3  ft  of  horizontal  run,  A  Belmont  cap  is  desired  at  stack 
outlet. 
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Figure  30.  Flow  Correction  Factors  vs  Equivalent  Length  of  Stack  For  U"  Dia,  Stack 
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Fitnjre  35,  Air  Flow  vs  Temperature  Difference  for  10*  Dia,  Straight  Stack 
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Figure  36,  Flow  Correction  Factors  vs  Equivalent  Length  of  Stack  for  10*  Dia,  Stack 
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TA6L8  2 

Flow  Correction  Factors  to  be  Applied  to  Zero  Equivalent 
Length  Cfm  Curve  for  Effects  of  Added  Stack  Resistance 


Vortical 

Added 

Stack 

Height 

*q. 

Ft 

U* 

Stack  Diameter 

6«  8" 

10" 

0 

1.000 

1.000 

1.000 

1.000 

1.180 

1.153 

1.131 

1.115 

9 

1.271 

1.23b 

1.205 

l.l8b 

13 

1.336 

1.296 

1.26b 

1.238 

17 

1.387 

1.3b5 

1.309 

1.285 

21 

1.U28 

1.38b 

1.3b8 

1.322 

0 

1.000 

1.000 

1.000 

1.000 

K 

1.133 

1.117 

1.10b 

1.095 

10' 

J 

9 

1.208 

1.185 

1.166 

1.152 

✓ 

13 

1.26U 

1.2b0 

1.217 

1.201 

17 

1.312 

1.285 

1.262 

1.2b2 

21 

1.352 

1.323 

i.297 

1.278 

0 

1.000 

1.000 

1.000 

1.000 

w 

< 

l.lOU 

1.091 

1.085 

1.078 

15‘ 

9 

1.169 

1.150 

l.lbl 

1.130 

13 

1.221 

1.199 

1.186 

1.17b 

17 

1.26U 

1.2b0 

1.227 

1.212 

21 

1.300 

1.276 

1.261 

1.2b5 

0 

1.000 

1.000 

1.000 

1.000 

< 

1.087 

1.080 

1.17b 

1.068 

20' 

9 

l.lUU 

1.130 

1.122 

1.11b 

13 

1.189 

1.193 

1.163 

1.152 

17 

1.228 

1.211 

1.199 

1.188 

21  ■ 

1.26b 

1.2bb 

1.232 

1.219 

0 

1.000 

1.000 

1.000 

1.000 

5 

1.07U 

1.070 

1.063 

1.059 

25' 

9 

1.122 

1.111+ 

1.107 

1.099 

13 

1.165 

1.153 

l.lbb 

1.135 

17 

.  1.201 

1.188 

1.182 

1.168 

21 

1.233 

1.219 

1.207 

1.198 

0 

1.000 

1.000 

1.000 

1.000 

5 

1.06b 

1.061 

1.057 

1.053 

30' 

9 

1.107 

1.100 

1.09b 

1.091 

13 

l.lb6 

1.137 

1.130 

1.12b 

17 

1.179 

1.169 

1.161 

.  1.153 

21 

1.209 

1.197 

1.190 

1.181 
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step  (1)  Calculate  equivalent  length  of  added  restriction.  From  previous 
discussion  it  is  known  that: 

■  1  900  elbow  ■  U,2  eq.  ft 
1  Belmont  cap  "  5,5  eq.  ft 
3  ft  horizontal  run  “3.0  eq.  ft 

Therefore,  the  total  equivalent  length  of  the  added  restrictions 
“  2  X  U,2  ♦  lx  5.5  ♦  3  “  16,9  eq,  ft  added  restriction. 

Step  (2)  Figure  3^  lAich  gives  tha  correction  factor  to  be  applied  to  an 

0  in,  diameter  straight  stack  to  account  for  the  equivalent  length 
of  added  restrictions.  From  this  graph  at  an  equivalent  length  of 
16,9  ft  and  a  vertical  height  of  15  ft,  read  a  correction  factor 

of  1.225. 

Step  (3)  Multiply  the  desired  air  flow  by  this  correction  factor, 

100  X  1.225  “  122.5  cfm. 

Step  (U)  Enter  Figure  33  idiich  gives  the  desired  temperature  difference 
to  obtain  122,5  cfm  with  an  8  in,  straight  stack  of  l5  ft 
vertical  height  (already  corrected  for  felbows,  etc,).  At  122,5 
cfm  we  read  a  temperature  difference  oi“  57°  F,  (This  means  that 
if  ambient  air  is  at  80°  F,  the  mean  si>ick  ten^eraturo  must  be 
57  ♦  80  or  137°  F.) 

Step  (5)  From  Figure  28  the  fuel  rote  at  a  temperature  difference  57°  F 
for  a  15  ft  8  in,  diameter  stack  is  about  O.OU  gal  per  hour. 

Step  (6)  Table  1  indicates  that  two  space  heaters  will  provide  the  re¬ 
quired  temperature  difference  and  thus  the  desired  100  cfm  of 
ventilation  air. 

When  using  this  design  procedure  the  designer  should  be  aware  that 
more  than  one  set  of  conditions  will  provide  the  desired  ventilation  rote. 


-80- 


A  thorough  invertlgation  of  several  of  the  possible  sets  of  conditions 
should  result  in  the  most  economical  dejign.  In  considering  the  most 
economical  design,  the  cost  of  the  stack-system,  fuel,  and  type  of  burner 
for  each  of  the  possible  systems  should  be  compared, 

Vhen  deciding  upon  the  typo  of  burner  and  the  fuel  rates,  the  designer 
should  remember  that  the  values  given  in  Figure  28  and  Table  1  are  approx¬ 
imate,  This  approximation  results  from  laboratory  results  because  of  the 
difference  in  performance  of  the  various  available  burners.  The  "golden 
rule"  of  over-designing  should  be  observed  in  the  last  two  design  steps. 

As  no  fuel  data  is  available  for  U  and  10  in,  diameter  stacks  the  designer 
must  reach  a  decision  on  the  type  of  burner  and  the  fuel  rate  without  actual 
values.  Figure  28  for  6  and  8  in,  diameter  stacks  should  be  of  some  help 
in  reaching  this  decision  because  it  shows  the  trend  followed  by  the  fuel 
rate  as  it  varies  teupe nature  and  stack  parameters. 

As  a  sample  shelter  cost  analysis,  consider  the  system  discussed  in 
the  design  problem  above.  The  following  is  a  list  of  representative  prices 


of  equipment  and  materials, 

1  5  ft  length  8  in,  Metal-Bestos  stack  $13,00 
1  8  in,  90°  elbow  1,00 
1  2  ft  length  8  in,  duct  1,00 
1  8  in,  Belmofit  cap  7,50 
1  Space  Heater  lit, 00 
1  sq  ft  fiberglass  insulation  1  in,  thick  ,U0 
Kerosene  per  gal  ,18 
Rectangular  Hood 


7.50 
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The  cost  of  equipment  and  materials  for  the  sanple  shelter  is  thus, 


15  ft  stack 

$39.00 

2  elbows 

2,00 

3  ft  horizontal  run 

1.50 

8  in,  Belmont  cap 

7.50 

2  Space  Heaters 

28.00 

Kerosene  (13.5  gal/2  weeks) 

2,80 

Hood 

7.50 

10  sq  ft  insulation 

U.OO 

Total 

$92.30 

This  total  price  is  for  the  conditions  described  by  one  set  of 
shelter  parameters.  Smaller  diameter  stacks  lower  the  total  cost  - 
larger  diameter  stack  increase  the  total  cost.  This  analysis  should 
be  helpful  in  estimating  the  cost  of  any  shelter  ventilating  system  of 
this  type. 
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SUMMARY 

As  stated  prevlouslj,  -Uie  fallout  shelter  tested  has  an  occupant 

capacity  of  18  people  and  requires,  as  a  bare  minimum,  at  least  Sh  cfm 

of  fresh  ventilating  air.  It  is  concluded  that  this  minimum  ventilation 

/  '  . 

rate  can  be  obtained  by  burning  kerosene  in  the  base  of  a  chimney  or 

stack. 

Results  of  this  ventilation  investigation  indicate  that  the  maximum 
air  tenqjerature  difference  between  the  inside  and  outside  of  the  stack 
(Tch  -  Tyuj)  that  is  of  benefit  for  home  shelter  is  around  300°  F,  With 
an  ambient  temperature  of  70°  F,  this  means  that  the  maximum  mean  stack 
ten^jerature  of  benefit  is  about  370°  F,  The  return  for  higher  stack  gas 
temperatures  is  insignificant. 

The  highest  stack  temperature  obtainable  with  the  kerosene  wick- 

type,  burners  used  in  the  test  is  about  230°  F,  depending  upon  stack 

* 

r'ameters,  length,  number  of  elbows,  etc.  It  is  feasible  that  a  wick- 
type  burner  coxild  be  designed  to  produce  a  maximum  stack  temperature  of 
370°  F,  Wick- type  burners  are  desirable  because  they  require  essentially 
no  pressure  drop  for  efficient  combustion  and  they  can  be  used  to  light 
the  shelter. 

The  lowest  fuel  comsumption  rate  is  obtainable  irfien  the  intake  hood 
and  the  portion  of  the  stack  that  is  within  tho  shelter  is  insulated,  A 
minimum  of  one  inch  of  common  fiberglass  insulation  is  recommended.  For 
high  efficiency  and  low  maintenance  cost,  Metal-Bestos  stack  is  recommend¬ 
ed  for  that  portion  of  the  stack  that  is  outside  the  shelter. 

Family- type  shelters  in  general  can  be  adequately  ventilated  by  the 
induced  draft  method  if  certain  qualifications  are  observed.  The  shelter 
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should  be  located  in  the  basement  of  the  house  so  tl^at  air  can  be  drawn 
from  the  main  part  of  the  house.  In  this  manner  the  house  will  serve 
as  the  radiation-particle  filter  for  the  shelter  inlet.  Outside  air 
will  infiltrate  naturally  into  the  house  through  window  cracks,  under  doors, 
etc,  in  sufficient  quantities  to  be  available  to  ventilate  the  shelter. 
Filters  should  not  be  used  at  the  shelter  inlet  because  in  general  they 
offer  too  large  of  restriction  to  air  flow  and  reduce  ventilation  rates  to 
below  minimum  values.  If  an  Intake  duct  is  used,  its  cross-sectional  area 
should  be  at  least  twice  that  of  the  stack.  An  open  door  is  recommended. 

The  stack  shoiild  contain  at  least  two  elbows  and  a  short  horizontal  length 
of  duct.  This  is  essential  for  providing  shielding  from  fallout  radiation 
rays.  A  good  ventilator  stack  cap  should  be  used  if  the  stack  e:diausts 
directly  to  the  atmosphere  to  insure  that  fallout  particles,  rain,  snow, 
and  other  debris  do  not  enter  the  shelter  through  the  stack.  If  a  stack 
cap  is  not  used,  the  stack  should  exhaust  to  a  ventilated  attic.  The  attic 
will  minimize  wind  effects,  eliminate  fallout  particles  from  entering  stack, 
and  prevent  vitiated  air  from  recirculating  through  the  house  and  shelter. 

Although  kerosene  wick-type  burners  are  recommended  for  induced  draft 
ventilation,  it  seems  feasible  that  in  an  extreme  emergency  situation  any 
flame  from  idiatever  equipment  is  available — such  as  a  gasoline  can5)-cook 
stove-could  be  used  to  induce  the  draft.  Ventilation  efficiency  and  safety 
aspects  woxild  be  reduced  but  perhaps,  and  most  important,  human  lives  could 
be  saved. 

An  impingement-type  filter  which  could  possibly  be  used  in  some  shelters 
was  discovered  at  a  date  too  late  to  investigate  conqoletely.  The  filter  is 
produced  by  the  Air-Maze  Corporation  and  it  offers  less  than  0,1  in  H2O 


-81a- 


restriction  at  air  velocities  down  to  about  70  fpm.  The  efficiency  is 
low  at  minimum  velocities  but  perhaps  it  could  be  used  to  advantage. 
Further  research  is  required  to  determine  its  feasibility. 

Some  aspects  of  family-type  shelter  ventilation  by  the  induced  draft 
method  warrant  further  investigation.  Future  research  should  center 
around  the  following  objectives! 

1,  Investigation  of  kerosene  wick-type  burner  design  with  the 

intent  of  reaching  370°  F  stack  tenperatures,  I  , 

*  f '  I' 

2,  Fuel  investigation  including  storage  and  safety  controls, 

3,  Economic  analysis  of  all  phases  of  the  induced  draft  method  of 
shelter  ventilation, 

!a.  Investigation  of  the  possible  use  of  a  low  restriction  filtering 
system, 

'  » 


APPBTOIX 


THEIWISTOR  AN’SJ-IOHSTRY 


Extensive  invesbigaticn  was  conducted  concerning  the  possibility  of 
using  a  bead-type  thermistor  as  an  air  anemometer.  The  attempts  were  un¬ 
successful  and  the  results  useless  as  far  as  ventilation  was  concerned, 
but  the  research  work  was  important  and  warrants  recording. 

Although  nearly  four  and  one-half  months  were  spent  investigating 
thermistors  with  no  apparent  useful  results,  it  is  felt  that  the  time 
was  justified  for  three  principal  reasons.  First,  thermistors,  if  appli¬ 
cable,  would  allow  measurement  of  extremely  low  velocity  air  flows  (start¬ 
ing  at  zero  velocity)  as  well  as  high  flows.  No  other  method  of  flow 
measurement  known  permits,  with  sufficient  accuracy,  measurement  of 
flows  with  a  velocity  lower  than  about  UO  ft  per  min  (nearly  l5  cfra  in 
an  8  in,  duct).  Thermistors  would  have  allowed  measurement  of  the 
natural  ventilation  through  the  shelter.  Secondly,  a  permanent  record 
of  output  voltage  and  thus  of  flow  would  be  available  with  this  method. 
This  is  desirable  because  it  establishes  a  reference  and  affords  one  the 
opportunity  to  recheck  measurements  later  on  if  the  need  arises.  Thirdly, 
it  is  possible  that  thermistors  other  than  the  beadi type"  and  circuits 
other  than  the  bridge-type  may  be  used  successfully  in  air  flow  measure¬ 
ments,  fc  more  time  could  be  spent  on  theimistor  investigatior .  but 
the  knowledge  gained  from  this  experience  should  be  useful  as  a  starting 
point  in  further  thermistor  research. 

For  use  as  an  air  measuring  device,  the  thermistor  was  built  into 
probe  form.  Two  small  parallel  holes  were  drilled  through  the  length 
of  a  two-inch  long  1/2  in,  diameter  iiylon  rod  which  is  pointed  on  one 
end.  The  fine  wires  of  the  bead  thermistor  were  inserted  throi;gh  the 
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holes  in  the  rod  and  cemented  in  place.  Only  the  bead  protruded  from 
the  pointed  end  of  the  nylon  rod.  After  wire  leads  were  soldered  to 
the  bead  wires,  the  rod  was  fastened  into  the  end  of  5  in,  long  piece 
of  9/16  in,  diameter  stiff  cardboard  cylinder,  the  bead  remaining  ex¬ 
posed.  The  entire  probe  was  stuck  through  a  cne-inch  diameter  rubber 
cork.  When  the  assembly  was  inserted  into  a  hole  in  the  side  of  the 
8  inch  intake  duct,  the  bead  was  positioned  in  the  air  stream  by  ad¬ 
justing  the  length  of  probe  extending  beyond  the  cork.  The  probe  was 
held  rigidly  in  place  due  to  a  tight  fit  between  the  rubber  cork  arrf 
the  hole  in  the  side  of  the  intake  duct. 

Figure  36  on  page  88  shows  the  original  bridge  circuit  designed 
and  build  for  the  thermistor  air  anemometer.  The  circuit  consists 
basically  of  a  Wheatstone-bridge  with  the  thermistor  as  one  resistance 
leg.  In  a  leg  adjacent  to  the  thermistor  is  a  decade  resistance  which 
permits  compensating  for  thennistor  bead  temperature  changes  caused  by 
intake  air  temperature  changes.  In  the  leg  opposite  to  the  thermistor 
is  an  adjustable  resistance  used  to  zero  the  voltage  output  of  the 
bridge.  Two  transistors,  connected  together  thermally,  are  included  to 
provide  a  constant  current  through  the  thermistor  when  a  constant  liO 
volts  is  supplied  to  the  bridge  circut. 

Output  from  the  thermistor  bridge  was  connected  to  a  Leeds  &  Northimp 
Speedomax  0-10  millivolt  recorder.  Thermistor  output  is  sensitive  to  air 
velocity,  and  because  the  cubic  feet  per  minute  of  air  flowing  in  a  fixed- 
size  duct  depends  directly  on  the  velocity,  the  output  can  be  plotted 
against  air  flow  rate.  Thus,  the  recorder  provided  a  direct  indication 
and  a  permanent  record  of  air  flow. 


Fjoure  37.  Therm STOR  Bridge  Circuit 
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During  calibration  of  the  thermistor,  a  laminar  flow  element,  produced 
by  the  Meriam  Instrument  Company,  was  used  with  an  accompanying  centrifugal 
blower  as  the  air  flow  standard.  This  laminar  flow  device,  applicable  to 
air  flows  from  0  to  200  standard  cfm  (at  29,92  in,  Hg  and  70°  F),  consists 
of  parallel,  capillary-size  tubes  through  which  the  air  flows.  The  pressure 
drop  across  the  tubes  has  a  straight-line  relationship  with  the  mass  air 
flow,  A  linear  calibration  curve  of  this  relationship,  showing  pressure 
drop  across  the  tubes  (in,  of  water)  versus  standard  air  flow  (lb  per  rain) 
is  supplied  with  the  element, 

Equipment  required  to  operate  the  thermistor  included  a  liO  volt  d,c, 
power  supply,  a  voltmeter,  two  decade  resistances  for  use  in  the  bridge 
circuit,  a  millivolt  recorder  for  recording  thermistor  output,  and  a 
thermocouple  temperature  recorder  for  determining  tenperature  of  air  in 
the  vicinity  of  the  thermistor  probe.  This  equipment,  with  the  exception 
of  the  temperature  recorder,  is  shown  in  Figure  37  on  page  90  as  arranged 
and  used  in  the  shelter. 

To  calibrate  the  thermistor,  the  blower  and  laminar  flow  element  were 
connected  at  the  e:diaust  of  the  shelter  to  draw  air  through  the  intake  and 
shelter  space.  This  permitted  accurate  calibration  because  it  included  any 
air  leaks  in  the  shelter.  The  calibration  procedure  for  the  thermistor 
probe  located  at  the  center  of  the  eight-inch  intake  duct  follows* 

1,  With  probe  in  still  air  (cap  ends  of  the  8  in,  duct),  set  the  out¬ 
put  zero  adjust  on  the  bridge  box  until  the  millivolt  output  on  recorder 

is  zero, 

2,  Note  temperature  of  air  in  duct,  read  the  milliamps  and  volts 
through  pro^e,  and  calculate  by  Ohms  Law  the  resistance  to  be  set  on  the 
temperature  compensation  decade  box. 


Figure  38.  Equipment  Used  with  Thermistor  Anemometer 


3*  Uncap  duct  and  set  laminar  flow  element  at  a  manometer  reading 
irfiich  corresponds  to  the  maximum  flow  desired.  Set  output  span  adjust  on 
bridge  box  until  about  10  mv  show  on  recorder.  Once  output  adjust  is 
initially  set,  do  not  change, 

U*  Take  readings  at  various  points  between  zero  and  maximum  flow. 

At  each  flow  setting  repeat  step  2  and  reset  the  tenperature  conqjensaliion 
decade  resistance  if  tenqperature  changes.  At  each  reading  record  inches 
of  water  at  manometer,  duct  temperature,  and  millivolt  output.  The  b«,ro- 
metric  pressure  should  be  recorded  at  star!  of  calibration. 


5.  From  the  calibration  curve  sv5>plied  with  the  Meriam  Instruction 


manual,  read  the  standard  air  flow  (pounds  per  minute  at  standard  con¬ 
ditions  of  29.92  in,  Hg  and  70°  F)  corresponding  to  manometer  reading. 
Multiply  standard  pounds  per  minute  by  the  barometric  pressure  correction 
factor  and  tempera tiire-viscosity  correction  factor  from  instruction 
manual  to  obtain  the  real  pounds  per  minute  flowing  at  actual  conditions 
of  pressure  and  temperature.  Find  the  actxial  cubic  feet  per  minute  (acfm) 
by  applying  the  perfect  gas  law,  ■ 

For  a  more  complete  description  of  the  Calibration  procedure  and  re- 

I 

la ted  calculations,  the  reader  is  referred  to  the  ■Meriam  Instruction  I 

I 

i 

Manual  A-28836"  published  hy  the  Meriam  Instrument  Con^jany  and  supplied 
with  their  laml.nar  flow  instruments. 

After  collecting  data  as  outlined  above,  a  thermistor  calibration 
curve  of  probe  output  (millivolts)  versus  flow  (actual  cubic  feet  per  iiin- 
ute  -  acfm)  was  plotted.  The  curve,  nearly  linear  and  also  approaching 

verticslity,  accommodated  flows  from  zero  to  150  acfm.  Also  drawn  was  a 

i 

curve  of  resistance  (ohms)  versus  intake  teiiperature  (°F)  for  use  with  the 
temperature  compensation  decade  resistance  box. 
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Two  months  were  spent  in  conducting  preliminaiy  ventilation  tests  and 
becoming  acquainted  with  the  operation  of  various  combustion  equipment, 
temperature  and  pressure  equipment,  and  the  thermistor  flow  device.  During 
this  period  of  time  results  of  low  measurement  had  been  fairly  consistent 
and  reproducible.  Then  for  several  days  the  zero  setting  of  the  thermistor 
in  still  air  seemed  to  drift  from  conditions  dictated  by  tlie  temperature 
versus  resistance  calibration  curve.  Previous  examination  of  literature 
on  thermistors  and  comments  by  Electronics  Research  personnel  indicated 
the  possibility  that  thermistors  may  lose  their  reliability  with  use  and 
time  due  to  loss  of  calibration.  No  definite  reasons  for  a  possible 
calibration  loss  were  cited  except  that  perhaps  the  thermistor  bead 
deteriorates  enough  to  change  the  heat  transfer  characteristics  of  its 
surface. 

To  check  out  the  above  theory,  it  was  decided  to  recalibrate  the 
thermistor  device.  Two  or  three  calibration  runs,  conducted  according  to 
the  procedure  outlined  prevloTisly,  covering  the  entire  flow  range  flora 
0-l?0  acfra  produced  completely  different  and  disassociated  thermistor  out¬ 
put  readings.  No  sensible  relationship  between  output  and  flow  could  be 
found.  At  this  point  we  decided  that  the  thermistor  was  completely 
deteriorated  or  "burned  up".  The  surface  of  the  bead  appeared  brown  and 
somewhat  charred. 

Another  thermistor  bead  similar  to  the  first  was  acquired  from  the 
electronics  laboratory.  The  only  difference  in  the  two  thermistors  was  in 
the  so-called  response  time.  The  second  bead  had  a  response  of  2$  seconds 
as  compared  to  2  seconds  for  the  original  bead.  It  was  anticipated  that 
the  longer  response  time  would  decrease  sensitivity  enough  to  provide  a 
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more  constant  recording  of  output  on  the  millivolt  recorder,  thus,  making 
output  easier  to  read. 

In  probe  form,  the  second  thermistor  had  an  alTiminuia  shield  around  the 
bead.  The  bead  was  located  in  the  path  of  a  diametral  hole  which  ran 
through  the  hollow  cylindrical  shield.  With  the  hole  parallel  to  the  air 
flow  path,  straighter  flow  lines  around  the  bead  than  previously  obtained 
were  expected  at  all  rates  of  flow. 

Several  calibration  runs  were  conducted  with  the  shielded  probe  in¬ 
stalled  in  the  intake  duct.  The  millivolt  recording  deviated  from  a 
straight  line  by  as  nmch  as  three-fourths  of  a  millivolt  but  readings  were 
averaged  with  a  polar  planimeter.  The  flow-millivolt  curve  had  many 
erratic  points;  enough  that  the  results  were  unreliable. 

It  was  again  decided  to  use  another  thermistor.  The  third  thermistor 
bead  chosen  required  the  same  design  voltage  and  current  and  had  the  same 
response  time  (2  seconds)  as  the  original  one.  In  order  to  retard  the  re¬ 
sponse  time  sli^tly,  epoxy  was  added  to  the  thermistor  in  the  form  of  a 
thin  coating  over  the  bead. 

Before  starting  to  calibrate  the  new  thermistor,  further  investigation 

of  bridge  circuits  and  instruments  was  carried  out.  It  was  discovered _ 

that  current  through  the  probe  was  not  constant  as  had  been  originally 
planned  during  circuit  design.  It  was  strongly  believed  that  this  was  the 
main  cause  for  the  wide  variations  in  millivolt  output  from  thermistor. 

The  designer  of  the  original  circuit  was  again  contacted  and  the 
problems  were  discussed.  As  a  possible  solution,  a  new  circuit  which  com¬ 
pletely  eliminated  the  thermistor  bridge  box  was  attempted,  A  number  of 
decade  resistances  replaced  the  bridge,  the  idea  being  to  obtain  closer 
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control  of  probe  current,  A  calibration  nin  proved,  however,  that  the 
contrary  was  true.  Current  and  voltage  control  through  the  probe  was  not 
only  difficult  to  control  but  also  unwieldy  and  inconvenient.  Due  to  this 
fact,  the  third  thermistor  was  overloaded  with  u  power  surge  and  burned  out, 
The  train  of  thought  returned  to  the  original  thermistor  bridge  cir¬ 
cuit,  After  lengthy  counseling  with  Professor  Drummond  of  the  Mechanical 
Engineering  Department,  it  was  agreed  that  the  bridge  should  work  satis¬ 
factorily  if  a  few  minor  changes  in  operational  methods  were  made. 

According  to  Fenwal  Electronics,  Inc,,  Framingham,  Massachusetts,  in  their 
•Thermistor  Manual"  brochure,  bead  thermistors  should  be  able  to  dissipate 
a  maximum  of  about  8^0  milliwatts  of  power  at  a  maximum  safe  continuous 
current  of  nearly  18  milliamps.  With  the  first  three  thermistors  operat¬ 
ing  with  liO  volts  at  the  supply,  the  probe  current  (about  12  m,a,)  was 
well  under  the  maximum  allowable  value.  This  indicated  that  previous 
burn-outs  were  caused  either  by  power  surges  or  by  allowing  the  thermistor 
to  set  too  long  in  still  air  with  fxJl  power  applied. 

For  the  fourth  thermistor  probe  the  bridge  supply  voltage  was  in¬ 
creased  to  U7  volts  which  allowed  nearly  1$  milliamps  through  probe.  This 
increased  the  possibility  of  bead  "burn-out",  but  according  to  the  thermis¬ 
tor  characteristic  curves,  these  power  and  current  levels  were  tolerable. 
The  main  object  of  the  power  increase  was  to  try  to  produce  a  more  nearly 
horizontal  calibration  curve  than  was  obtained  originally. 

Previous  experience  indicated  that  the  method  for  calibrating  the 
temperature  compensation  resistance  or  so-called  zeroing  of  the  millivolt 
output  scale  was  deficient.  The  still  air  method  originally  used  was 
changed  somewhat  by  sealing  the  probe  and  a  thermocouple  in  a  pyrex 
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beaker  which  in  turn  was  immersed  in  a  larger  container  of  water.  The 
temperature  inside  the  beaker  containing  the  thermistor  was  varied  by 
changing  the  temperature  of  the  water  in  the  outer  container.  Headings 
of  temperature  and  thermistor  resistance  were  taken  when  conditions  in  the 
flask  reached  equilibriam.  In  this  jnanner  a  calibration  cuirve  for  tem¬ 
perature  compensation  ms  obtained  for  air  temperatures  ranging  between 
60^  F  and  100°  F,  Results  of  later  spot  checks  revealed  that  points  were 
reproducible  within  two  percent  of  those  on  the  curve. 

Calibration  of  the  thermistor  for  air  flow  measurement  was  again 
accoit^lished  using  the  laminar  flow  element  as  before.  Flow  tests  were 
again  resumed  using  a  flame  in  the  stack.  After  one  day  of  testing,  the 
compensation  resistance  required  to  zero  the  output  scale  had  drifted  to 
the  point  where  it  was  30  ohms  (about  20  percent)  above  what  the  calibra¬ 
tion  curve  dictated,  A  chock  of  the  thermistor  bead  indicated  it  too  had 
burned  up  or  at  least  disintegrated  beyond  useful  purposes. 

In  an  attempt  to  resolve  the  thermistor  bum-out  problem,  it  ms  dis¬ 
covered  that  the  epoxy  being  used  to  coat  the  thermistor  beads  begins  to 
deteriorate  above  a  temperature  of  about  270°  F,  The  thermistors  had  been 
operating  at  a  temperature  of  nearly  350°  F,  Periiaps  as  the  epoxy  d  ays, 
the  heat  transfer  characteristics  of  the  unit  change  enough  to  adversely 
affect  the  resistance-ten^jerature  relationship  of  the  thermistor.  This 
phenomenon  may  accoxmt  for  the  zero  shift  in  output  and  add  to  the 
deterioration  rate  of  the  thermistor  itself. 

It  ms  believed  that  the  only  my  to  check  this  theory  ms  to  try 
another  thermistor  without  an  epoxy  coating,  A  probe  of  this  type  ms 
built  and  installed  in  the  intake  duct.  In  order  to  decrease  the 
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posslbility  of  further  bum-up';,  the  power  through  the  bead  was  limited  to 
100  milliwatts  which  was  30  peLcent  below  the  maximum  tolerable  level,  A 
resistance  of  2$$0  ohms,  found-  by  trial  and  error  and  connected  in  par¬ 
allel  with  the  thermistor,  allowed  operation  at  about  83  milliwatts  with 
the  original  UO  volt  bridge  sujpply, 

A  temperature  compensation  calibration  curve  was  again  obtained  by 

the  previously  described  water  immersion  method,  A  flow  check  revealed, 

1 

as  had  been  anticipated,  that  the  bare  thermistor  bead  was  too  sensitive  to 
air  velocity  changes.  This  was  apparent  from  the  millivolt  output  record¬ 
ing,  Recorded  millivolt  valuejs  at  flows  above  80  cfm  deviated  as  much  as 

f 

15  percent  from  a  straight  lirie  when  plotted.  Figure  39b  on  page  97 

! 

shows  the  degree  and  rapidity  of  millivolt  output  deviation.  The  chart 

speed  during  this  particular  run  was  six  inches  per  minute, 

! 

In  an  attempt  to  reduce  the  sensitivity  of  the  probe  to  the  higher 

i 

veldcity  air  flows,  two  more  8  in,  intake  ducts,  also  about  U  ft  long, 
were  installea  immediately  above  and  below  the  first  one.  Still  using 
on3.y  the  single  probe  in  the  original  duct,  a  complete  calibration  run 
with  all  ducts  open  was  started.  With  the  triple  intake  arrangement,  the 
velocity  past  the  probe  should  have  been  about  one- third  of  the  value 


previously  obtained  with  a  single  duct,  A  spot  test  at  about  100  acfm 
revealed  that  the  output  recording  was  as  erratic  with  three  ducts  as  with 
one.  This  is  still  not  understood, 

t 

Another  attenqjt  to  linearize  the  thermistor  output  consisted  of  fill¬ 
ing  the  end  of  the  center  duct  with  one  inch  diameter  aluminum  foil  tubes, 
twelve  inches  long,  placed  with  their  longitudinal  axis  parallel  to  the 


lortgitudinal  axis  of  the  main 


duct. 


The  tubular  "grid"  ends  about  four 
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inches  from  the  thermistor.  We  found  that  the  tube  arrangement  straighten¬ 
ed  the  air  flow  path  before  it  passed  by  the  probe  to  the  extent  that  the 
marlraum  millivolt  output  variation  was  under  7  percent  at  the  highest  air 
flow  rates  of  190  acfm.  This  was  within  tolerable  limits  because  the  out¬ 
put  readings  were  averaged  anyway  by  taking  planimeter  readings. 

With  some  hope  in  the  thermistor  method  of  low  measurement  restored, 
calibration  was  continued.  These  hopes  were  again  shattered  near  the  end 
of  the  run  when  the  temperature  compensation  resistance  setting  began 
drifting  as  it  had  with  the  epo30'‘-coverad  beads.  From  this  behavior  it 
was  concluded  that  temperature  compensation  is  not  practical  with  this  type 
of  thermistor  bridge  circuit,  A  possible  explanation  is  that  the  rate  of 
heat  transfer  from  the  thermistor  differs  at  different  air  temperatures 
and  thus  the  thermistor  resistance  is  perhaps  not  a  constant  for  ary  par¬ 
ticular  temperature, 

Endeavoring  to  find  a  solution,  the  compensating  resistor  of  the 
bridge  was  arbitrarily  fixed  at  12$  ohms  and  calibraticr  tests  conducted 
at  several  different  but  constant  intake  air  temperatuPBS,  The  final  re¬ 
sult  was  a  family  of  linear  calibration  curves  of  millivolts  versus  flow, 
one  curve  for  each  temperature.  Nearly  all  points  for  each  curve  were 
reproducible  within  *$%  lAich  amounts  to  a  maximum  flow  deviation  of  about 
7  cfm.  It  was  decided  to  proceed  with  ventilating  tests  and  rely  on 
this  arrangement  of  air  flow  measurements,  keeping  in  mind  the  accuracy 
of  calibration. 

After  several  days  of  testing,  using  kerx3sene  lamps  as  the  heat 
source  at  the  stack,  the  millivolt  recorder  failed  to  operated.  Several 
parts  including  tubes,  fuses,  a  rectifier,  and  transformer  had  burned  out. 


Another  recorder  was  borrowed  from  the  Physics  Departr^ent,  Montana  State 
University,  irfiich  necessitated  another  calibration  riiu.  After  this  had  been 
done,  more  test  data  collected,  and  graphs  plotted  of  flow  versus  stack 
temperature,  it  was  very  evident  that  the  thermistor  method  of  measuring 
air  flow,  as  it  was  arranged,  was  not  accurate  enough  for  practical 
purposes.  The  points  on  the  experimental  flcw-temperature  graph  wore  so 
widely  scattered  that  no  reasonable  curve  could  be  drawn  through  them. 
Because  stack  temperature  measurements  were  reasonably  accurate,  the  major 
difficulty  was  assumed  to  arise  from  the  thermistor  and  its  related  cir¬ 
cuitry,  Thus,  at  this  point  it  was  decided  to  abandon  the  idea  of  measur¬ 
ing  air  flow  with  bead  themistors. 

The  difficulties  and  problems  encountered  as  outlined  in  this  section 
caused  additional  people  to  investigate  the  possibility  of  thermistor  air 
flow  measurement.  Further  information  on  thermistors,  their  applications, 
and  factors  influencing  flow  measurement  via  thermistors,  is  given  in  a 
thesis  by  Mr.  Bill  Cousineau,  “Thermistor  Anemometry  Including  Effects  of 
Ambient  Pressure  and  Humidity",  Montana  State  University,  June  1965, 
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BCPBRIMSNTAL  DATA 


The  data  tabulated  on  the  following  23  pages  constitute  the  e^erimental 

values  used  in  preparing  the  various  curves  presented  earlier,  A  list  of 

symbols  and  their  meaning  are  given  for  quick  reference. 

Tin  "  temperature  entering  shelter, 

Tch  “  mean  stack  air  temperature,  °F 
Tyn  ■  air  temperature  surrounding  the  stack.  °F 
AT  ■  temperature  difference,  (Tch  -  ^ 

AP--  “  shelter  inlet  pressure  drop,  in,  K2O 

itot)  ■  static  and  stagnation  pressure  difference  as  measured  with 
pitot  tube,  in,  H2O 

Acfm  *  actual  cubic  feet  per  minute  of  air  flowing  at  inlet  conditions 
Pg  ■  barometric  pressure,  in,  Hg 


Oatet 

1/7/65 

Pb  • 

2li.59  in.  Hg 

Heaters:  Natural  Gas 

Conditions 

:  Closed 

Door,  15  ft 

Straight  Stack,  ( 

S  in,  Dia. 

Run  No 

.  Tin,OF 

Tch,”*' 

/IT, op 

/I  P 

Z^.%0 

Acfm 

ft3/min 

1 

7U,5 

253 

79 

171; 

.0093 

82.0 

.0138 

2 

75.0 

253 

79 

22h 

.0110 

88.5 

.0178 

3 

75.5 

3U0 

79 

261 

.Ollh 

92.5 

,0196 

U 

75.5 

370 

79 

291 

.0116 

9U.O 

.0223 

5 

75.5 

227 

82 

li;5 

.0088 

78.5 

.0122 

6 

75.5 

200 

79 

121 

.0077 

7U.5 

.0107 

7 

7U.5 

167 

79 

88 

.0052 

66.5 

.0079 

8 

7U.0 

257 

79 

178 

.0098 

8U.0 

.0150 

9 

7U.0 

28U 

78 

206 

.0105 

88.5 

.0170 

10 

7U.5 

351 

79 

272 

.0118 

9U.5 

—  - 

11 

7U.5 

h3U 

80 

35U 

.0121 

97.0 

.0259 
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Date:  1/9/65  "  25.18  in,  Hg  Heaters:  Natural  Gas 

Conditions:  Closed  Door,  15  ft  Straight  Stack,  6  in,  Dia, 


Run  No 

Tch,°F  T 

Op 

rm» 

AT,  Op 

^^rm 
in.  H2O 

Acfm 

ftVmin 

^P(pitot) 
in.  HgO 

1 

7U,0 

165 

79 

106 

.0078 

72.0 

.0100 

2 

75,5 

2h2 

79 

163 

.0092 

81.6 

.011:1 

3 

76,0 

27h 

81 

193 

.0100 

85.5 

.0158 

U 

76,0 

310 

82 

228 

,0106 

88,7 

.0181: 

5 

76,0 

333 

82 

251 

.0118 

91.3 

.0201: 

6 

76,0 

3?9 

82 

277 

.0119 

92.5 

.0210 

7 

76,0 

U07 

83 

32k 

.0125 

95.0 

.0222 

8 

76,0 

213 

87 

126 

.0087 

7l:.8 

.0112 

Date: 

1/12/65 

- 

25,01  in.  Hg 

Heaters : 

1  Space  Heater 

Conditions:  Closed 

Door, 

15  ft  straight  Stack,  6  in. 

Dia, 

1 

76,5 

122 

78 

Uli 

,0036 

1:7.0 

.001:6 

2 

77,0 

11:0 

79 

61 

.001:5 

5U.6 

.0059 

3 

77,0 

156 

79 

77 

.0051 

59.1: 

.0072 

h 

77,0 

172 

79 

93 

,0060 

63.7 

.0078 

Date: 

1/13/65 

P  * 

25.15 

in.  Hg 

Heaters: 

2  Space  Heaters 

Conditions:  Open  Door,  l5  ft  Straight  Stack,  6  in,  Dia. 


1 

77.0 

118 

78 

UO 

— 

69.5 

.0083 

2 

77.0 

136 

78 

58 

— 

66.9 

.0079 

3 

77.0 

151: 

78 

76 

— 

71.5 

.0093 

1: 

77.5 

171: 

78 

96 

_  —  _ 

79.5 

.0118 

I 


1 

1 

^  Date: 

r 

Hun  No, 
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l/2k/6S  Pg  -  25.22  in.  Hg 

Conditions:  Open  Door,  15  ft  Straight  St"ck 

•  Tin,OF  Tch,®F  Tj^OF  AT,OF  in.  HgO 

Heaters:  2  Space  Heati 

,  6  in,  Dia, 

Acfm  ^P(pitct) 

ft3/min  in,  H2O 

r  , 

77 

128 

78 

50 

«  M 

60.9 

.0065 

r 

77 

m2 

77 

65 

^  - 

66.5 

.0079 

3 

78 

159 

79 

80 

» 

72.1 

.0096 

r  u 

78 

210 

80 

130 

M 

8U.6 

.011:2 

r 

Same  Conditions  except  Natural  Gas 

Heaters 

i  ^ 

78 

155 

80 

75 

70.3 

.0090 

6 

79 

119 

79 

Uo 

» 

5U.5 

.0051 

r  7 

79 

139 

79 

60 

— 

67.3 

,0080 

r 

79 

165 

80 

85 

71.5 

.0095 

Date: 

r 

l/lU/65 

Pb* 

■  25.22  in.  Hg 

Heaters: 

2  Space  Heate 

1 

Conditions :  Closed  Door, 

15  ft  Straight  Stack,  6  in,  Dia. 

i: 

77 

133 

78 

55.0 

,.001:2 

51.8 

.0057 

1' 

77 

151 

77 

8U.0 

.0050 

58.8 

.0069 

1  3 

78 

175 

77 

98.0 

.0071 

65.0 

.0091 

[ 

78 

230 

79 

151.0 

.008U 

76.0 

.0123 

r 

Same  Conditions  except  Natural  Gas 

Heaters 

$ 

79 

122 

79 

ii3 

.00U2 

U7.7 

.001:7 

E  6 

78 

150 

78 

72 

.0058 

60.5 

.0069 

[ 

r 

79 

186 

79 

107 

.0068 

69.5 

.0091 

I 
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Date  I  i/19/65  Pg  ■  25.19  in.  Hg  Heaters:  Natural  Gas 


Run  No, 

Conditions:  Open  Door,  IS 

TehA  T„.OF 

1  ft  Straight  Stack 

ilT,OF  in.  H2O 

,  6  in.  Dia. 

Acfm 

ft3/inin  in.  H2O 

1 

7U 

181 

67 

111: 

.  .  - 

8l.li 

.0128  ^ 

2 

75 

206 

68 

138 

— 

89.7 

.0159 

3 

75 

238 

69 

169 

— 

91.8 

.0177 

U 

75 

256 

70 

186 

— 

95.6 

.0197 

5 

75 

282 

71 

211 

-  -  - 

95.2 

.0202 

6 

75 

302 

72 

230 

— 

97.3 

.0218 

7 

75 

339 

72 

267 

101.7 

.02U7 

8 

76 

26U 

76 

,  188 

-  -  - 

9li.3 

.0190 

i 

9  i 

i 

76 

287 

77 

210 

95.5 

.0202 

i 

10 

77 

322 

77 

2U5 

— 

98.2 

.0223 

11 

j 

76 

317 

78 

269 

-  -  - 

,100.0 

.02UO 

12 

77 

390 

78 

312 

102.5 

.0263 

13  i 

77 

1a13 

78 

33? 

-  -  - 

103,8 

.0277 

i 

Date:  ! 

1/20/65 

■  2U.89  in,  Hg 

Heaters: 

Natural  Gas 

Conditions:  Open  Door,  15  ft  Straight  Stack,  6  in.  Dia, 


76 

201 

76 

125 

85.3 

.01ii2 

76 

2U7 

77 

170 

92.1 

.0176 

76 

293 

80 

213 

97.6, 

.0211 

76 

378 

79 

299 

102.0 

.0257 

76 

U05 

79 

326 

10U.3 

.0259 

76 

U60 

79 

381 

109.0 

.0296 

6 
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Datet  1/27/65  Pg  “  2l;.91  in.  Hg  Heaters;  2  Space  Heatei 

Conditions*  Closed  Door,  15  ft  High  Elbowed  Stack,  6  in.  Dia. 


Run  No 

.  Tin,°F 

Tch,°F 

Trm,®P 

^T,0F 

in.  H2O 

Acfm 

ft^/min 

^^(pitot) 
in.  H2O 

Fuel  Rat 
Ib/min 

1 

71.5 

118 

71 

h7 

.0025 

1;2.8 

.OOUO 

.00228 

2 

71.5 

138 

71 

67 

.0038 

h9.7 

.0060 

.00389 

3 

72.0 

175 

73 

102 

.00l;7 

51.7 

.0068 

.00651; 

U 

72.0 

253 

75 

178 

.0059 

68.3 

.0103 

.01372 

5 

72.0 

225 

76 

U;9 

.0050 

65.2 

.0081; 

.01010 

6 

72.5 

187 

77 

no 

.00l;7 

58.8 

.0079 

.00688 

Date; 

1/28/65 

Pg  ■  2U.90  in. 

Hg 

Heaters :  2  Spa 

C3  Heater 

CojTditionst  Closed  Door,  l5  ft  High  Elbowed  Stack,  6  in.  Dia. 


1 

73.5 

216 

71 

ll;5 

.0057 

61;.7 

.0093 

.01026 

2 

71;  .0 

2U2 

71 

171 

.0062 

68.5 

.0108 

.01312 

3 

7U.5 

175 

71; 

101 

.001;! 

57.0 

.0061; 

.00672 

U 

7h.O 

152 

7h 

78 

.0033 

52.0 

.00l;0 

.001;  20 

5 

71;  .0 

132 

77 

55 

.0027 

1;5.0 

.0038 

.00296 

6 

71;. 0 

221; 

79 

ll;5 

.00l;9 

65.1 

.0089 

- - 

7 

7l;.5 

282 

80  ' 

202 

.0063 

71.5 

.0115 

-  _  - 

8 

-7U.5 

318 

80 

236 

.0068 

7U.0 

.0130 

M  M 

75.5  3U0  80  260  .0068 


9 


IS. 2  .011;5 
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Datei  2/3/65  Pg  -  25.07  in,  Hg  Heaters:  Natural  Gas 

Conditions:  Closed  Door,  l5  ft  High  Elbowed  Stack,  6  in.  Dia, 

^Pnn  '^P(pitot)  Acfm 

Run  No.  Tin, op  i"*  V  i"*  “2°  ft3/rain 

1 

76.5 

320 

82 

238 

.0073 

.0180 

7U.0 

2 

76.5 

395 

82 

313 

.0076 

.0183 

77.8 

3 

77.0 

UU2 

63 

359 

.0077 

.0187 

79.8 

h 

77.5 

U76 

83 

393 

.0078 

.0191: 

80.3 

77.5 

503 

83 

1:20 

,0078 

.0201 

80.3 

Date: 

2A/65 

Pb 

-  21:. 91:  ii 

1.  Hg 

Heaters:  Natural  Gls 

Conditions;  Open 

Door,  15  ft  High  Elbowed  Stack,  6  in,  Dia, 

1 

78.0 

175 

82 

93 

-  -  - 

.0080 

63.6 

2 

78.0 

212 

81 

131 

.0107 

71.1: 

3 

78.5 

21:5 

82 

163 

— 

.0121: 

75.3 

h 

78.5 

272 

82 

190 

— 

.0137 

77.1: 

5 

79.0 

300 

8U  1 

i  216 

.0153 

80.6 

6 

79.0 

318 

85 

233 

-  -  - 

.0162 

81.8 

7 

79.5 

373 

86 

287 

.0185 

81:.6 

8 

79.5 

399 

85 

311: 

— 

.0191: 

85.5 

9 

78.5 

1:35 

81 

351: 

^  mm 

.0212 

86.9 

10 

79.0 

502 

79 

1:23 

-  >  . 

.0225 

88.1 
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Datei 

2/9/6? 

Pg  ■  21:. 95  in.  Hg 

Heaters: 

2  Space  Heaters 

Conditions:  Closed  Door, 

15  High 

Elbowed  Stack,  6  in. 

Dia, 

Sun  No 

.  Tin, op 

Tch,®^ 

Trm,°F 

AT,OF 

Acfm 

in,  H2O  ft3/rain 

Full  Rate 
Ib/min 

1 

7U.0 

267 

75 

192 

.0071 

70.0 

.0159 

2 

75.5 

268 

76 

192 

.0072 

70.0 

.0160 

3 

75.0 

26U 

76 

188 

.0070 

69.5 

.011:3 

li 

75.0 

262 

76 

186 

.0070 

70.0 

.0152 

$ 

75.0 

261 

76 

185 

.0070 

69.5 

.0162 

6 

75.0 

259 

77 

182 

.0068 

68.5 

.0158 

7 

75.5 

251 

77 

171: 

.0062 

68,2 

.011:9 

8 

76.0 

21:6 

77 

169 

.0062 

68.0. 

.0125 

Date: 

2A1/65 

in,  Hg 

Heaters: 

2  Space  Heaters 

Conditions:  Closed  Door, 

l9  ft  High  Klbowed  Stack,  6  in.  Dia, 

Sun  No 

.  Tin, OF 

Acfm  Fuel  Hate 

Trni,OF  AT,OF  ft3/min  Ib/min  Tb,of** 

1 

75.0 

268 

73 

195 

70.5 

.0156  1:50 

225 

2 

75.0 

262 

73 

189 

69.5 

.0159  1:60 

221 

Same  conditions  as  above  except  1  in,  of  fiber  glass  insulation 
was  added  to  surface  of  hood,  elbows,  and  horizontal  length. 

3 

71:. 0 

259 

70 

189 

69.5 

.01352  11:0 

loU 

h 

7li.O 

266 

72 

191: 

70.0 

IOI36I:  157 

108 

S 

77.5 

263 

77 

186 

70.0 

.01353  11:6 

103 

■  surface  temperature  of  top  of  entrance  hood, 

■  surface  temperature  of  top  side  of  horizontal  length. 
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!)ate: 

2/18/6^ 

25.3U  in.  Hg 

Heaters : 

Natural  Gas 

Conditions] 

Closed 

Door,  10  ft  High  Elbowed  Stack,  6  In,  Dla, 

Run  Mo 

Tln,°F 

Tch.°r 

AT,®F 

Acfm 

P _ 

mi 

in,  H2O 

1 

77.0 

120 

79 

hi 

3U.5 

,00i5 

2 

77.0 

176 

79 

97 

U9.5 

.OOliO 

3 

77.5 

li]9 

80 

69 

U3.0 

.0025 

U 

75.0 

196 

7h 

122 

53.5 

.00U7 

5 

76.5 

238 

7h 

I6li 

59.0 

.0052 

6 

77.0 

291 

77 

211i 

63.7 

.0063 

7 

77.5 

350 

77 

273 

66.5 

.0062 

8 

73.5 

382 

76 

306 

68.0 

.0063 

9 

78.0 

U70 

78 

392 

70.0 

.0067 

10 

78.0 

57li 

79 

U95 

71.5 

.0065 

Datej 

2/22/65 

Pb- 

2li.86  In.  Hg 

Heaters : 

Natural  Gas 

Conditions : 

Closed  Door, 

5  ft  High 

Elbowed 

Stack,  6  in. 

Dla.  1 

i 

1 

78.5 

118 

77 

Ul 

26.0 

1 

.0011 

! 

2 

78.5 

lli6 

7G 

68 

33.5 

.0013  . . . . • 

? 

3 

70.0 

182 

70 

112 

39.0 

.0020  1 

U 

70.0 

239 

72 

167 

U6.3 

.0028  j 

5 

69.5 

287 

72 

215 

U9.0 

! 

.0032  1 

6 

70.5 

362 

72 

290 

52.0 

.0035  j 

7 

70.5 

U12 

72 

3I1O 

53.5 

.0035 

8- 

70.5 

U91 

72 

'419 

5U.7 

.0035  1 

9 

70.5 

570 

72 

U98 

55.7 

.0035  j 

-108- 


Datet 

2/25/65 

25.15  in. 

Hg 

Heaters* 

Kerosene  Lamps 

Conditions  t 

Cloued  Door,  15  ft  Straight  Stacks 

,  8  in. 

Dia. 

tun  No,  No, 

of  Lamps 

Tch,‘^ 

AT,OF 

Prm 

in,  H2O 

Acfra  ^^(pitot) 

ft^/min  in,  H2O 

Fuel 

Ib/mi: 

1 

1 

67,0 

91 

63 

-/ 

28 

.0038 

5b  .0 

,0012 

2 

2 

68,0 

102 

68 

/ 

3U 

.006b 

66.2 

.0027 

—  , 

3 

3 

70,0 

112 

71 

bl 

.0078 

72.7 

.0035 

.003 

Same  Conditions  exce 

ipt  Natural  Gas  Heatew 

U 

- 

72.0 

137 

67 

70 

,0078 

72.7 

.0035 

— 

5 

- 

71.5 

168 

68 

100 

.0150 

107.2 

,007^ 

_  -  , 

6 

- 

72.0 

209 

71 

138 

.0200 

126.0 

.0098 

-  - 

7 

- 

72.0 

2U6 

69 

177 

.0230 

137.5 

.0118 

— 

Datet 

3/2/65 

Pb- 

25.27  in. 

Hg 

Heaters* 

Kerosene  Lamps 

Conditions  t 

Closed  Door,  10  ft  Straight  Stack, 

,  8  in. 

Dia. 

1 

1 

71.0 

96 

78 

18 

,002b 

36.2 

,0011 

— 

2 

2 

72.0 

107 

79 

28 

0 

0 

. 

b7.5 

.0013 

3 

3 

72.0 

119 

80 

39 

.00b9 

55.8 

.0023 

.003 

Same 

Conditions  except  Natural  Gas  Heaters 

U 

am 

72.5 

lii9 

81 

68 

.0077 

73.5 

.0028 

— 

5 

- 

73.0 

179 

81 

98 

.0100 

86,0 

.OObb 

— 

6 

- 

73.0 

208 

81 

127 

.0127 

96.2 

.0059 

— 

7 

- 

73.0 

279 

83 

196 

.0178 

115.5 

.0092 

-  -  , 

8 

- 

73.5 

320 

83 

237 

.0193 

122.3 

.0110 

9 

- 

72.0 

38b 

82 

302 

.0219 

128.5 

.012b 

—  , 

10 

7U.0 

U38 

7U 

36b 

.0329 

139.0 

.0167 

*>  ■ 

-109- 


Datei 

Run  No, 

3/2/65  Pg  •  25.21  in.  Hg 

Conditions:  Open  Door,  10  ft  Strai^t  Stack, 

T„,<T  AT.OF 

Heaters:  Natural  Gas 

8  in,  Dia, 

Acfm  AP(pitot) 

ft3/mln  in,  H2O 

1 

73.0 

118 

71 

1*7 

103.0 

.0060 

2 

73.0 

162 

71 

91 

129.0 

.0110 

3 

73.0 

203 

71 

132 

150.0 

.011^7 

U 

73.5 

235 

71 

161* 

153.0 

.0160 

s 

73.5 

280 

72 

200 

162.0 

.0191 

6 

7U.0 

338 

73 

265 

190.0 

.021*5 

7 

7U.0 

390 

7U 

316 

195.0 

.0280 

8 

7U.0 

200 

72 

208 

172.0 

.0209 

9 

7U.0 

21:5 

72 

173 

162.0 

.0182 

Date:  3/3/65 

Pg  -  25.2li  in.  Hg 

Heaters: 

Natural  Gas 

Conditions: 

Same  as  above. 

10 

71.0 

90 

76 

11* 

58.0 

.0019 

11 

71.5 

126 

76 

50 

103.5 

.0062 

12 

72.0 

156 

78 

78 

118.5 

.008U 

13 

72,0 

202 

79 

123 

138.0 

.0125 

Ik 

72.0 

230 

80 

150 

153.0 

.0159 

15 

72.5 

295 

82 

213 

169.0 

.0213 

16 

72.5 

31^0 

83 

257 

170.5 

.0229 

17 

73.0 

381 

8U 

297 

178.0 

.0262 

10 

73.5 

U25 

87 

338 

179.0 

.0278 

110- 


Datei 

3A/65 

**8  ■ 

25.31  in.  Hg 

Heaters: 

Natural  Gas 

Conditions  t 

Closed 

Door,  5  ft  Straight  Stack,  6  in.  ! 

Dia. 

Acfm 

Run  No 

•  Tin,OF 

T 

AT, op 

ft3/min 

in.  H2O 

1 

7U.0 

120 

79 

Ul 

U0.3 

.0031 

2 

73.5 

1U7 

83 

6U 

5U.5 

.OOU9 

3 

. 73.5 

190 

8U 

106 

.0070 

U 

72.5 

2hB 

71 

177 

,0087 

5 

73.0 

278 

71 

207 

89.5 

.0105 

6 

73.0 

312 

72 

2U0 

93.2 

.0117 

7 

73.5 

360 

72 

288 

93.7 

.0130 

8 

73.5 

U55 

75 

380 

107.0 

.0152 

9 

73.5 

532 

76 

U56 

111.0 

.0159 

Date! 

3/6/65 

'’b- 

25.32  in.  Hg 

» 

Heaters: 

Natural  Gas 

Conditions ; 

Closed  Door,  10  ft  Straight  Sta 

ck,  8  in. 

Dia. 

Filter  Restriction 

i 

1 

70.5 

170 

68 

102 

i ' 

23.7 

.0179 

2 

72.0 

2U0 

68 

172 

31.5 

.0283 

3 

72.0 

283 

68 

215 

25.5 

.031:7 

U 

72.0 

320 

69 

251 

38.0 

.0386 

5 

72.0 

355 

69 

286 

Uo.o 

.OU28 

6 

72.0 

380 

70 

310 

1:1.2 

.01:31: 

7 

72.0 

U20 

69 

351 

U2.5 

.01:72 

8 

72.0 

U60 

69 

391 

U5.0 

.0501 

9 

72.0 

512 

69 

Ui3 

’U7.2 

.0532 

10 

68.0 

575 

69 

506 

U9.0 

.0592 

-111- 


Date  t  3/9/65  Pr  ■  25«16  in,  Hg  Heaters*  K.L.*,  S.H.**, 

and  N.O.***, 

Conditions:  Closed  Door,  10  ft  High  Elbowed  Stack,  8  in,  Dia, 

Acfm  ^P(pitot) 


loin. No, 

No,  of  Heaters  Tin,OF 

Tm/ 

OF  ^T,OF  ft3/mii 

n  in.  H2O 

Ib/min 

1 

1  K,L. 

7U.0 

97 

7U 

23 

38.8 

.0008 

•  .  - 

2 

2  K.L, 

75.0 

110 

78 

32 

1*8,0 

.0015 

— 

3 

3  K.L. 

75.0 

120 

76 

hh 

55.5 

.0019 

.00331* 

h 

1  S.H. 

76.0 

157 

82 

75 

73.0 

.0031 

— 

5 

2  S.H. 

76.0 

198 

82 

116 

81*. 5 

.0051 

,00910 

6 

2  S.H. 

77.0 

228 

85 

11*3 

90.5 

.0058 

.01330 

7 

N.G. 

77.5 

2ao 

88 

152 

91.8 

.0055 

— 

8 

N.G. 

79.0 

310 

88 

222 

105.0 

,0070 

-  „  c 

9 

N.G. 

70.0 

382 

89 

293 

113.5 

.0091 

-  -  » 

10 

N.G. 

79.0 

U20 

89 

331 

116.3 

.0150 

-  -  - 

11 

N.G. 

79.0 

559 

89 

1*70 

125.0 

.0131* 

— 

12 

N.G. 

76.0 

250 

81 

16? 

97.7 

.0059 

— 

Date: 

3/11/65 

P3- 

25.03  in. 

Hg 

Heaters: 

Natural  Gas 

Conditions*  Open  Door,  10  ft 

High 

Elbowed  Stack,  8  in. 

Dia. 

Acfm 

^^(pitot) 

Hon  No, 

rni' 

AT, Op 

ftVroin 

in.  HgO 

1 

78.0 

116 

Cl 

35 

78.0 

.0031 

2 

78.0 

15U 

81 

73 

97.1 

.0051 

3 

79.5 

178 

m 

83 

95 

106.5 

.0061* 

*K.L.  - 

Kerosene  Lamps 

*^»S.H.  - 

Space  Heat' 

sr 

Natural  Gas 

t 


-112- 

• 

Datet 

3A1/65  (continued) 

Run  No 

• 

At/? 

Acfm 

ft3/min 

^PCpitot) 
in.  HgO 

U 

78.0 

185 

81 

lou 

118.0 

.0079 ^ 

5 

78.5 

206 

83 

123 

119.0 

.0078 

6 

78.0 

238 

81 

157 

12ii.O 

.0097 

7 

78.0 

273 

81 

192 

131.0 

.0112 

8 

78.0 

300 

81 

219 

136.8 

.0125 

9 

78.0 

3ii0 

81 

259 

ll;0.5 

.0139 

10 

78.0 

385 

80 

305 

lli6.6 

.0160 

11 

78.0 

U35 

81 

35U 

151.0 

.0180 

12 

78.5 

508 

81 

li29 

152.5 

,0200 

13 

79.0 

560 

81 

li79 

153.5 

'  .0212 

Dates 

3A1/65 

Pfi- 

25.03  in.  Hg 

Heaters:  Natural  Gas 

Conditions » 

Closed  Door,  l5  ft  High  Slbowed  Stack,  8  in. 

Dia. 

1 

79.0 

120 

83 

37 

59.5 

.0025 

2 

79.0 

Hill  ■ 

82 

62 

77.0 

.OOliO 

3 

79.0 

18U 

82 

102 

95.0 

.0055 

U 

79.0 

228 

82 

lli6 

110.2 

.0072 

5 

79.0 

265 

83 

182 

118.0 

.0083 

6 

78.0 

321 

83 

238 

128.5 

.0107 

7 

78.5 

353 

83 

270 

133.0 

.0118 

-113- 


Date! 

3A2/65 

■■b- 

25.12  in.  Hg 

Heaters  t 

Natural  Gas 

Conditions  1 

Closed  Door,  l5  ft  High  KLbowed  Stack,  8  in,  Dia, 

Run  No 

.  Tin, OF 

Tch.'*' 

Tm,OF 

At,  OF 

Acfln 

ft3/mln 

^^Cpitot) 
in.  H2O 

8 

7U*0 

379 

,  78 

301 

138.0 

.0127 

9 

75.5 

U17 

77 

3h0 

137.7 

.0152 

10 

75.5 

U50 

78 

372 

138.5 

.0159 

11 

75.5 

1^69 

77 

392 

II1I.5 

.0183 

12 

75.5 

572 

78 

ii9li 

11^9.0 

.0193 

13 

75.5 

392 

78 

31U 

139.2 

.0139 

lU 

7U.0 

Uli8 

78 

370 

m3. 7 

.0162 

15 

75.0 

ii91 

78  . 

lil3 

m6.6 

.0175 

Date: 

3A3/65 

Pb- 

25,09  in.  Hg 

Heaters: 

Natural  Gas 

Conditions : 

Open  Door,  15  ft  High 

Slbowed 

Stack,  8  in 

.  Dia, 

1 

72.0 

102 

67 

35 

85.1: 

.0036 

2 

73.0 

lb3 

68 

75 

115.0 

.0070 

3 

73.5 

187 

70 

117 

132.5 

.0100 

h 

73.5 

2li0 

71 

169 

150.2 

.0138 

5 

73.5 

287 

71 

216 

159.0 

.0166 

6 

73.5 

367 

75 

292 

170.0 

.0210 

7 

7U.0 

113 

77 

336 

172.7 

.0229 

8 

7U.0 

li6ii 

78 

386 

175.8 

.0250 

9 

7U.5 

551 

80 

hn 

179.2 

.0283 

10 

75.0 

Ii98 

80 

hie 

176.0 

.0259 

-llU- 


Datet 

3A5/65 

Pb- 

2U.8O  in.  Hg 

Heaters: 

Natural  Gas 

Conditions: 

Closed  Door,  5  ft  High  Elbowed  Stack,  8  in.  Dia, 

Rtm  No 

Tch.°f 

T  °F 

At,°F 

Acfm 

ft^/min 

^Prm 
in.  H2O 

1 

76.0 

130 

80 

50 

U5.0 

.0035 

2 

76.0 

152 

80 

72 

53.5 

.OOUO 

3 

76,0 

212 

80 

132 

68.8 

.0069 

U 

67.5 

262 

65 

197 

80.2 

.0085 

5 

69.0 

320 

65 

255 

87.0 

.0096 

6 

69.0 

368 

65 

303 

91.5 

,0110 

7 

69.5 

lOli 

65 

3U9 

93.9 

.0112 

8 

69.5 

U67 

66 

liOl 

95.5 

.0115 

9 

69.5 

5U2 

67 

U75 

97.7 

.0119 

Date: 

U/7/65 

24.82  in.  Hg 

Heaters: 

Natural  Gas 

Conditions: 

Closed  Door,  10  ft  Straight  Stack,  8  in. 
Artis  Vent  Cap  at  Stack  Outlet 

Dia., 

1 

69.5 

113 

69 

Uli 

63.5 

.0063 

2 

70.0 

158 

69 

89 

85.5 

.0100 

3 

80,0 

205 

69 

136 

99.0 

.0132 

U 

69.0 

263 

70 

193 

108,3 

.0162 

5 

69.5 

295 

71 

22U 

116.0 

.0171 

6 

69.5 

360 

70 

290 

12U.7 

.0201 

7 

71.0 

391 

71 

320 

129.3 

.0209 

8 

69.0 

Ii65 

71 

39U 

133.5 

,0218 

9 

70.0 

550 

71 

U79 

135.0 

.0219 

115- 


Batei 

U/7/65 

Pb  " 

2U.82  in.  Hg 

Heaters  t 

Natural  Gas 

Conditions  s 

Closed  Door,  10  ft  Straight  Stack,  8  in. 
Belmont  Vent  Cap  at  Stack  Outlet 

Dla., 

Run  No 

.  Tin,°F 

Tch,°F 

Tnn,°F 

AT,  op 

Acfm 

ft3/min 

APm 
in.  H2O 

1 

71.0 

13U 

77 

57 

67.5 

.0065 

2 

71.5 

210 

78 

132 

92.5 

.0116 

3 

71.5 

160 

80 

80 

77,0 

.0081* 

h 

71.5 

250 

80 

170 

100.0 

.0137 

5 

72.0 

310 

80 

230 

109.0 

.0160 

6 

72.0 

370 

00 

290 

116.5 

.0173 

7 

72.0 

U58 

80 

378 

122.5 

.0180 

0 

72.0 

5U0 

80 

U60 

126.0 

.0192 

Dates 

U/S/65 

Pb- 

2U.79  in.  Hg 

Heaters: 

Natural  Gas 

Conditions  s 

Closed ^oor,  10  ft  High  Elbowed  Stack,  8 
Belmont  Vent  Cap 

in.  Dia., 

1 

73.0 

llsl 

83 

58 

60.0 

.0055 

2 

73.5 

202 

63 

119 

78.0 

.0092 

3 

7U.0 

252 

83 

169 

89.0 

.0111 

U 

7U.0 

311 

83 

228 

96.8 

.0129 

5 

7U.0 

3?0 

83 

267 

100.5 

.0133 

6 

7li.0 

U6U 

83 

381 

100.0 

.0155 

7 

7U.5 

527 

83 

111.5 

.0155 

8 

73.5 

170 

83 

87 

70.5 

.0077 

-116- 


Datet  UA2/65  Pg  "  ^5.13  In.  Hg  Heaters:  Natural  Gas 

Conditions:  Closed  Door,  10  ft  High  Zlbowed  Stack,  8  in,  Dia., 
Artis  Vent  Cap 


Acfn  ^Pm 


Run  Ho, 

Tin,®^ 

T—  OF 

AT, OF 

ft3/mln 

in.  H2O 

1 

6U.0 

112 

62 

50 

58.0 

.0057 

2 

65.0 

11:5 

62 

83 

73.8 

.0078 

3 

65.5 

180 

62 

118 

81*.0 

.0100 

h 

65.5 

211* 

62 

152 

92.0 

.0109 

S 

66,0 

268 

63 

205 

101.0 

.0131* 

6 

66.0 

336 

61* 

272 

109.5 

.0150 

7 

66.5 

Ul5 

6U 

351 

116.5 

.0169 

8 

66.5 

1*92 

65 

1*27 

119.5 

.0173 

Date: 

UA3/65 

**8  " 

2U.79  in.  Hg 

Heaters: 

Natural  Gas 

Same  Conditions  except  Belmont  Cap  replaced  Artis  Cap 

1 

69.0 

112 

72 

1*0 

50.0 

.001*5 

2 

70.0 

165 

73 

92 

73.0 

.0075 

3 

70.5 

227 

71* 

153 

81.8 

,0112 

U 

70.5 

281 

7U 

207 

93.7 

.0127 

5 

70.5 

352 

76 

276 

101*. 0 

.011*2 

6 

71.0 

1*17 

78 

339 

108.3 

.011*9 

7 

71.0 

522 

79 

1*1*3 

112.2 

.0158 

8 

71.0 

266 

79 

187 

95.3 

.0113 

-117- 


Datet 

UA3/65 

■  2li,79  in, 

.  Hg 

Heaters: 

] 

i^atural  Gas 

Conditions i 

Closed  Door,  10 

ft  High  Elbowed  Stack  8  in 

1  Dia., 

Mo  Vent  Cap 

Acfm 

APra 

Run  No, 

Tin.'*' 

ft3/inin 

in.  H2O 

1 

69.5 

112 

72 

Uo 

52.0 

MS 

2 

70  J) 

163 

73 

90 

76.5 

.0080 

3 

70,5 

219 

75 

'  Hill 

93.3 

.0118 

h 

71,0 

33U 

% 

77 

1 1,' 

110.7 

.0160 

5 

71.0 

398 

78 

!•  r 

320 

115.8 

.0169 

6 

71.5 

li97 

79 

i|l8 

121.5 

.0182 

Same  Conditions  except  Straight  Stack 

i 

1 

71.0 

133 

80 

53 

69.0 

.0075 

2 

71.0 

167 

80 

»  87 

eii.o 

.0116 

3 

71.5 

222 

80 

11|2 

102.0  1 

.0160 

U 

71.5 

292 

80  . 

1 

212 

116.5 

.0192 

5 

71.5 

338 

80  ! 

'  258 

127.5 

.0225  ■ 

6 

72.0 

Ia02 

80 

322 

136.0 

.02U7 

Conditions  t 

Closed 

j 

Door,  10  ft  Straight  Stack,  8  in,  Dis 

i 

i.,  Belmont 

1 

71.0 

136 

80 

56 

66.5 

.0068 

2 

71.0 

173 

80 

93 

80.5 

.0112 

3 

71.5 

236 

80 

156 

98.0 

.01ii6 

U 

71.5 

309 

80 

229 

108.0 

1 

.0168 

71.5 

363 

80  , 

283 

1 

117.5  ; 

,0200 

6 

72.0 

U38 

80 

358 

123.0 

.0210 

.118- 


Date  I  li/21/65  Pg  ■  2li,8l  in,  Hg  Fuel  Data 

Conditional  Open  Door,  Various  Lengths  of  8  in.  Dia,, 
Straight  Stack 


Itun  No 

Tch,°F 

Tnn,°F 

AT,®F 

Acfm 

ft3/min 

Fuel  Rate 
Ib/Oir 

Stack 
Height,  ft 

Heaters 

1 

69.0 

110 

77 

33 

72 

.2015 

5 

3  K.L. 

2 

69.0 

109 

76 

33 

72 

.2105 

5 

3  K.L. 

3 

69.0 

lOli 

77 

27 

82 

.2060 

10 

3  K.L. 

U 

69.5 

103 

78 

25 

80 

.2080 

10 

3  K.L. 

5 

70.0 

101 

78 

23 

83 

.2075 

15 

3  K.L. 

6 

71.0 

133 

73 

60 

iHi 

.5190 

20 

2  S.H, 

7 

71.0 

131 

72 

59 

113 

.5280 

20 

2  S.H. 

8 

71.5 

HiO 

73 

67 

131 

.5U00 

15 

2  S.H. 

9 

71.5 

liiO 

75 

65 

130 

.5260 

15 

2  SJ{. 

10 

71.5 

HiO 

75 

65 

130 

.5310 

15 

2  S.H. 

11 

71.5 

155 

75 

60 

127 

.6670 

10 

2  S.H. 

Date! 

U/23/65 

Pg  -  2li,67  in. 

Hg 

Fuel  Datf- 

12 

69.5 

132 

69 

63 

128 

.5350 

15 

2  S.H. 

13 

70.0 

132 

69 

63 

128 

.5550 

15 

2  S.H. 

Hi 

69.0 

158 

72 

86 

131 

.6720 

10 

2  S.H. 

IS 

70,5 

150 

72 

78 

126 

,6660 

10 

2  S.H. 

16 

70.5 

190 

71 

119 

120 

.7250 

c 

2  S.H. 

17 

70.5 

190 

71 

119 

120 

.7380 

5 

2  S.H. 

-119- 


Datet  U/26/f5  Pg  -  25.30  In.  Hg  Fuel  Data  (Kerosene) 

Conditions!  Open  Door,  Various  Lengths  of  8  in.  Dia.,  Hbowed  Stack 


Pun  Mo.  Tin, OF 

Tch,°F 

Tm,°F 

Acfm 

AT,  OF  ft3/min 

Fuel  Bate 
Ib/hr 

Stack 
Height,  ft 

Heaters 

1 

68.5 

105 

63 

li2 

6U.5 

.2150  ^ 

5 

3  K.L. 

V 

69.0 

101 

67 

3U 

76.0 

.2035 

10 

3  K.L., 

3 

69.0 

101 

69 

32 

83.1 

.2085 

15 

3  K.L. 

h 

69.0 

167 

69 

98 

129.6 

.61i50 

15 

2  S.H. 

cf 

✓ 

69.0 

179 

69 

110 

120.2 

.681iO 

10 

2  s.;^ 

6 

69.0 

202 

69 

133 

101.0 

.7620 

5 

2  S.H. 

Date: 

,  27/65 

Pg  -  25.16  in. 

Hg 

Fuel  Data  (White 

Gasoline) 

Conditions:  Open  Door, 

Various  Length  of  8  in.  Dia 

•  Slbcwsd  Stack 

1 

69.5 

96 

72 

2h 

51. li 

.1038 

5 

2  II.G.L.*’ 

2 

70.0 

91 

70 

21 

59.9 

.0998 

10 

2  M.G.L. 

3 

71.5 

178 

85 

93 

113.0 

.5I1OO 

10 

2  u.B.G .S . 

h 

71.5 

157 

86 

71 

115.0 

.5090 

15 

?  V./  tlO  eC  • 

5 

71.5 

167 

91 

76 

83.2 

.Ii5l0 

Cf 

0  r.*  r 

Bata: 

li/28/65 

P3  -  25.15  in. 

Hg 

Same  Conditions 

6 

71.5 

201 

73 

128 

99.5 

.7180 

5 

2  G.B.C.S. 

7 

70.5 

185 

75 

110 

119.8 

.7530 

10 

2  G.B.C.S. 

8 

71.0 

188 

75 

113 

121.5 

.8060 

10 

2  G.B.C.S. 

*2  H.G.L,  ■  2  -  Mantle  Gasoline  Lantern 


**2  G.B.C.S,  ■  2  -  Gas-Burner  Caop  Stove 
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Datat  U/28/65  «  25. in,  Hg  Fuel  Data  (Kerosene) 

Conditions!  Open  Door,  Various  Lengths  of  8  in.  Dia,,  Klbowed  ftack 


Run  No 

Tch.°f 

AT,°F 

Acfm 

ftVrain 

Fuel  Rate 
Ib/^r 

Stack 
Height,  ft 

Heaters 

1 

71.0 

lli5 

75 

70 

115.0 

.li720 

15 

2  S.H. 

2 

71.0 

160 

77 

83 

122.8 

.5880 

15 

2  S.H. 

3 

71.0 

173 

79 

9U 

128.0 

.6770 

15 

2  S.H. 

h 

71.0 

177 

79 

98 

129.5 

.6810 

15 

2  S.H. 

5 

71.0 

135 

80 

55 

lOli.7 

.3li80 

15 

2  S.H. 

6 

73.5 

109 

79 

30 

71.8 

.1363 

10 

1  S.H. 

7 

73.5 

123 

79 

liU 

85.1; 

.2280 

10 

1  S.H. 

8 

73.5 

HiO 

78 

62 

97.2 

.3190 

10 

1  S.H. 

9 

73.5 

169 

76 

93 

112.2 

.5220 

10 

2  S.H. 

10 

7U.0 

181 

7li 

107 

119.1 

■ .6200 

10 

2  S.H. 

11 

7li.O 

189 

72 

117 

123.2 

.6960 

10 

2  S.H. 

12 

69.5 

133 

62 

71 

102.0 

.3li20 

10 

1  S.H. 

Date! 

5/3/65 

Pg  -  25.02  in. 

Hg 

Same  Conditions 

13 

70.5 

100. 

63 

37 

62.0 

.0991 

5 

1  S.H. 

Hi 

70.5 

1U5 

68 

77 

8I;.l 

.3060 

5 

1  S.H. 

IS 

72.0 

130 

69 

61 

75.8 

.2080 

5 

2  S.K. 

16 

72.0 

169 

70 

99 

92.2 

.1;51;0 

5 

2  S.H. 

17 

73.0 

215 

72 

lii3 

103.6 

.9150 

5 

2  S.H. 

18 

73.0 

177 

72 

105 

93.6 

.6300 

5 

2  S.H. 

■  19 

72.5 

208 

72 

136 

101.8 

.7850 

5 

2  S.H. 

20 

73.5 

191 

75 

116 

96.7 

.6050 

5 

2  S.H. 

-121- 


Datej  5/5/65  Pg  ■  2U,80  in,  Hg  Fuel  Data  (Kerosene) 

Conditions:  Open  Door,  Various  Length  of  8  in,  Dia,  Straight  Stack 


Acfm 

Fuel  Rate 

Stack 

Rxm  Mo 

Tch.°? 

T  °F 
*rm*  ^ 

<1 

ft^min  Ib/hr 

Height,  ft 

Heater 

1 

71,5 

115 

75 

ho 

78.0 

.1926 

5 

1  S.H. 

2 

71,0 

129 

7U 

55 

90.0 

.3200 

5 

1  S.H. 

3 

71,0 

172 

75 

97 

112.0 

.61:70 

5 

2  S.H. 

Date: 

5/6/65 

Pg  -  2U. 

.98  in. 

Hg 

Same 

Conditions 

U 

67,5 

160 

60 

100 

113.0 

.61:00 

5 

2  S.H. 

5 

67.5 

181 

6l 

120 

120.0 

.7630 

5 

2  S.H. 

6 

68,0 

11:2 

60 

82 

127.0 

.6110 

10 

2  S.H. 

7 

68,0 

131 

61 

70 

121.0 

.1:280 

10 

2  S.H. 

8 

68.0 

100 

6i 

39 

96.5 

,2200 

10 

1  S.H. 

9 

68.0 

96 

61 

33 

100.0 

.2160 

1  S.H. 

10 

68.5 

125 

62 

63 

128,1 

.511:0 

15 

2  S.H. 

11 

68.0 

133 

62 

71 

133.0 

.51:60 

15 

2  S.H. 

12 

68.5 

113 

62 

51 

117.5 

.3330 

15 

2  S.H. 

Date: 

5/10/65 

Pj  ■  85. 

11:  in. 

Hg 

Fuel  Data  (Keirosene) 

Conditions:  Open  Door, 

Various  Length 

of  6  in.  Dia.,  Straight 

Stack 

1 

72.0 

120 

85 

35 

UO.O 

.1329 

5 

1  S.H, 

2 

72.0 

163 

82 

81 

56.2 

.3U:5 

5 

1  S.H. 

3 

72.5 

220 

82 

138 

67.0 

.7850 

5 

2  S.H. 

h 

73.0 

2U8 

81 

167 

70.0 

.8360 

5 

2  S.H. 

5 

7U.0 

202 

8U 

118 

63.5 

.51:20 

5 

2  S.H. 

-122- 


Datej  5/11/6?  Pg  ■  25.1U  in.  Kg  Fuel  Dat?  (Kerosene) 

Conditions:  Open  Door,  Various  Length  of  6  in,  Dia,,  Straight  Stack 

Acfm  Fuel  Rate  Stack 

Itm  No.  Tj^,°F  Tj.jj,OF  Tj^,OF  AT,OF  ft3/min  Ib/min  Height,  ft  Heater 


1 

75.0 

126 

93 

33 

U6.0 

.1630 

10 

1  S.H 

2 

75.0 

170 

92 

78 

66.0 

.1:200 

10 

1  S.H 

3 

75.5 

215 

90 

125. 

77.5 

.8020 

10 

2  S.H 

I; 

76.0 

233 

90 

Ili3 

81.0 

.811:0 

10 

2  S.H 

5 

76.0 

130 

89 

Ll 

5U.5 

.2300 

15 

1  S.H 

Da  7/6  s 

5/12/65 

"b- 

25.03  in. 

Hg 

Same 

Conditions 

6 

76.0 

165 

87 

78 

71.0 

.1:610 

15 

1  S.H 

7 

76.5 

203 

91 

112 

81.5 

.8210 

15 

2  S.H 

-123- 

LIT5!lATl!HS  CcrJSULTSD 


ASHRAg  Guide  and  Date  Book,  1963  gdition,  American  Society  of  Heating, 

Refrigeration  and  Air-Ccndj tioning  Engineers,  Inc,,  New  York,  New  York, 

Drabbee,  C,  V,,  Heating  and  Ventilation,  First  Edition,  McGraw-Hill  Book 
Company,  Inc,,  New  Ifcrk,  192?, 

Hemeon,  W,  C,  L,,  Plant  and  Progress  Ventilation,  Second  Edition,  Industrial 
Press,  New  York  13,  New  Yorlc,  I963 

Jennings,  Biargess  H,,  Heating  and  Air  Conditioning,  International  Textbook 
Co,,  Scranton,  Pennsylvania,  1956 

Measurement  of  Natural  Draft,  Office  of  Civil  Defense,  Contract  No, 

- CCD-C5-62iai,'  '■I5eT^Eer'l963 . 

Samuel,  J,  A,,  gnvlromental  Engineering  for  Fallout  Shelters,  Office  of 
Defense,  Contract  No  CCD-CS-63-lll,  Movenber  1963 » 

Vennard,  John  K,,  Elementary  Fluid  Mechanics,  Fourth  Edition,  John  WLley 
&  Sons,  Inc,,  ^^ew  I'ork,  January  1962, 

Magazines 

Deleo,  R.  V,,  Hagen,  F,  W, ,  &  Werner,  F,  D,,  "Measurement  of  Mean  Teit^erature 
in  a  Duct",  Instrumen-'s  and  Control  Svstems,  Volume  3U.  No.  9.  September 
1961. 

Faul,  Joseph  C,,  "Thermocouple  Perfomance  in  Gas  Stream",  Instruments  and 
Control  Systems,  Volume  35,  No,  12,  December  1962, 

Severinghaus,  W,  L,,  "Gas  Temperature  Measurement",  Mechanical  Engineering, 
May 

Pamphlets 


"Thermistor  Manual",  Fenwal  Electronics,  Inc,,  Framingham,  Massachusetts 

®ic.9. 


veNTlLATlON  Uf  family  6-»c:lYCR5>  i^Y  IN.U’CEO  nRAFV  m£IMOu' 
THCO^ETICAL  results  for  OOOR  at  STAtiCA/<D  CONOn  IONS 

notation  fcx  THE  FOLLOWING  DATA 
HO»WH  NUHilCR 
L^STACR  PIAMCTER.  INCHES 
l••ST.;CK  VERIRAi.  MCIGhT*  FT 
K«ADOITIC.*UL  EQUIVALENT  STACA  LENGTH*  FT 
FLO'U  L8/MIN 

FLO’i  IHHOUOH  CHIM.nEY  OR  STACR'a  CFN 

QE-AIR  Fi.‘:vY  Through  shelter  itlet*  v.fn 

TO-TLHPERATuRE  ?;‘FFE»ENLe  ,TL.r.TRI»  »:ruR££6  f 
lV«*Alft  VCLCCITY  IN  STACA*  Ff/HiA. 


NO 

L 

I 

A 

0 

qch 

Q£ 

TD 

IV 

1 

4 

» 

1 

^077C-00 

1  .521E^wl 

l.43?L>01 

3,OyOE+Cl 

174 

1 

4 

io 

X 

1 

« 2 46 £-00 

l*7d9L>-  1 

l.bSiCtOl 

SfcOuot+o  1 

<0b 

1 

4 

lA 

X 

1 

.  SS-feT-OO 

1.915E+01 

X.8l3E«al 

3.0D0E+01 

220 

1 

4 

20 

1 

1 

^40tiE»*0U 

X.989£4-i 

X«6L3E<»ol 

3.0C0t4>0l 

228 

1 

4 

2i 

1 

X 

•44}E-0v 

2*0>8EAw1 

1.929L401 

3,OOCtAOl 

234 

1 

4 

30 

X 

% 

• 

•467E-CO 

2.073E>ol 

1.962E^01 

3.0UOt4-01 

230 

1 

4 

5 

3 

9 

•246E-0i 

l*306E^0l 

X.2i6c<»0l 

3«OCO£-fOl 

ISO 

1 

4 

Xu 

S 

X 

.134E-00 

1.602E401 

I.S16E>Ci 

3*0C0E-t’01 

184 

i 

4 

IS 

S 

X 

•243E-00 

l.TSTE^Ol 

X*642F.A0i 

S.OOCt+C 1 

201 

1 

4 

20 

5 

X 

•312E-0O 

l*ii53£+0i 

X.7SAE^0l 

3*0UCE^0l 

212 

i 

4 

2S 

S 

X 

•3SdE-00 

I.VIVE^OX 

X*8X4£«0l 

3*oooe+cx 

220 

1 

4 

30 

5 

X 

•392e-00 

1.967C^0l 

U862fA01 

3*00Ut^01 

224 

1 

4 

5 

9 

8 

•227E-01 

U162E+01 

l*099f>0l 

3*OOOEaC1 

133 

1 

4 

iO 

9 

1 

•U36E-00 

l#444C4. 1 

1.38SEA01 

3*000t4Cl 

168 

1 

4. 

xs 

9 

I 

•X55C-00 

X.632EA01 

l.S44E4>Ul 

3*OCOtAOl 

187 

i 

4 

20 

V 

1 

.233E-CU 

X«74iE^n 

l.64dEA0l 

3*OOOEAOi 

200 

1 

4 

2S 

9 

X 

•287E-0U 

1  •sxeC'^v  1 

1#721C»C1 

3*0uOE-ft'l 

209 

1 

4 

30 

9 

1 

•  320E*0>; 

X*676E+0l 

l»77'>E  +  yi 

3.0C0t+0i 

215 

X 

4 

S 

13 

7 

•Aa4C-0i 

l.057C^wl 

V.»;OOE>OX 

3*000t4-oX 

121 

X 

4 

10 

13 

9 

.Ajl£-Ol 

i-3S6£A0i 

l.ittiLtJX 

3.00CE^0l 

iSS 

X 

4 

IS 

13 

X 

•08JE-00 

1«S30E-»>01 

1.448E>D1 

3.000EaC)1 

176 

X 

4 

20 

13 

X 

•X66E*00 

X*64dEA-  1 

X • SS9cA0 1 

S*000E401 

189 

1 

4 

2S 

13 

X 

•226E»00 

X*732EAs/1 

X.639E<t>01 

3*U0OtA01 

199 

X 

4 

30 

i3 

1 

•272E-00 

l*794EA0i 

l*700E^01 

3.000t-»-01 

204 

X 

4 

S 

17 

6 

•912E-01 

9.744C-O0 

9*241E-00 

3*OOOE401 

112 

X 

4 

10 

17 

8 

.985E-01 

U269EA-J1 

X.20lEf0l 

3«0()0E40X 

146 

X 

4 

IS 

17 

X 

•O23E»0U 

X«444C<F0l 

X.368E+01 

3«OOOE4(JX 

144 

X 

4 

20 

17 

1 

•IXOC-OO 

X*S68E^0X 

X.484EA0X 

S*000E'>01 

180 

X 

4 

2S 

17 

1 

.173E-00 

1.4S7EA 01 

l.S6eC401 

3*000t4-01 

190 

1 

4 

30 

17 

X 

.222t-0C 

1*726Ea:.X 

X.434EA0X 

S.OOvtA'OX 

198 

i 

4 

S 

21 

4 

•AS4E-01 

9.1l7t-OU 

O.42VE-Q0 

3.000E40X 

US 

X 

4 

xo 

21 

8 

.474E-0i 

X.X97EA04 

X.i32EtUl 

3«0C0t40l 

XJ7 

X 

4 

xs 

21 

9 

.72yE-01 

1.374E^0l 

l»iUOEAOX 

3*OOOE401 

XS8 

X 

4 

20 

21 

X 

*060£-00 

l*49&EA-uX 

X«4XeE'*‘0l 

3*000E401 

172 

1 

4 

2S 

21 

1. 

.126E-00 

US91EA01 

U306C  +  01 

3,«OOCE401 

182 

1 

4 

30 

21 

1 

.l7aE-o; 

1  •  6<>4E^0 1 

i.S74EAOl 

3.000E401 

191 

X 

6 

S 

1 

2i 

►473E-00 

3*774E40i 

3.574Et01 

?#000E4CX 

192 

1 

6 

10 

X 

3. 

,23yE-00 

4.374C+01 

4*i3lE4>)l 

3*OOOE4C)1 

233 

X 

4 

IS 

1 

3. 

►S26C-00 

4.981EA01 

4.7i5E+0l 

3.000E4C1 

254 

X 

6 

20 

1 

3. 

.702E-00 

5.2£9E^Ul 

4.949£^01 

i^oo'^e^oi 

264 

1 

6 

25 

1 

3i 

►821E-0J 

5,3V7£A01 

5.108E+J1 

3.00oE40I 

275 

1 

6 

30 

X 

ii 

,906E-00 

5.S18EAJI 

S,223E-K;1 

3.0C.0t401 

281 

I 

6 

S 

S 

ii 

►  iSAE-OJ 

i*i47LA0l 

3.0C0t40X 

169 

NO 

I 

Q 

och 

QE 

TU 

IV 

1 

6 

20 

5 

2«942E-vO 

4.  l55£^'Jl 

3.933E401 

3.000t4()l 

212 

2 

6 

15 

5 

3.263C-00 

4.8119E  +  JI 

4.382E401 

3. 0001401 

235 

2 

6 

2J 

5 

3  a^ayC'-oo 

4.V00E*ai 

4,633L401 

3.0C0E401 

250 

1 

6 

25 
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